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SUMMARY 
The thesis is divided into three chapters. The first chapter is 
a review of the biochemi.cal, pharmacological and synthetic aspects of 
prostaglandins. 
In the second chapter, after giving a brief account of the 
different approaches to solve the problems involved in the synthesis of 
prostaglandins, our own approach has been discussed. Model experiments 
carried out in order to test the feasibility of our ideas to elaborate 
the side chains, have been described. Finally, the synthesis of dl-ll-
desoxy-13,14-dihydro PGFl~ PGF IS has been accomplished . 
In the third chapter a mild oxidative cleavage of 2,5-disubstituted 
furans is reported. This method permits the synthesis of 1,4-diketones, 
via enediones which could be usual intermediates. The advantage of this 
process is that under the conditions employed an isolated double bond 
present in the molecule is preserved. As an application of the above 
approach, a simple synthesis of cis-jasmone and dihydrojasmone has been 
described. 
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1. ISOLATION AND STRUCTURE 
ago. 
The history of prostaglandin research started about four decades 
In 1930 two New York gynecologists Kuzrok and Wieb l reported that 
fresh human semen could cause strong contraction or relaxation when 
J 
applied to the strips of human uterus. A few years later Golblatt2 I In 
" 
England and von Euler3 in Sweden independently discovered and studied 
the strong activity in seminal plasma that stimulates smooth muscle. 
Von Euler3 showed that the biological activity was due to the lipid-
soluble material wi th acid properties and named the f actor "prostaglandin" . 
Actually the term was a misnomer. The active substances had come not 
from the prostate gland but from the seminal vesicles, glands that also 
contribute to the semen. 
The progress in this field of research was slow due to the lack 
of material and the difficulty of separating and identifying minute 
amounts of substances consisting of sensitive molecules by the 
conventional tools available at that time. However, in 1947 Bergstrom 
of Sweden started work and showed4 that the activity was associated with 
a fraction containing unsaturated hydroxy fatty acids. With an improved 
isolation procedure Bergstrom and SjovallS obtained pure crystalline 
compounds PGF I and PGE I from freeze-dried prostate glands of the ram.
6 
Bergstrom et al. 7 ,8 analysed these compounds by ultramicro-analysis and 
mass spectrometry and were able to prove that these were C20 compounds 
with the empirical formulae C20H360S and C20H340S . Two years later, 
Bergstrom~ al. 9 showed that reduction of PGEI with borohydride yielded 
two isomeric trihydroxy compounds and one of them was identical with the 
isolated natural PGF I . 
-1 The presence of a strong 1720 cm band in the 
infrared spectrum indicated the presence of a cyclopentanone ring which 
was supported by the fact that there are two hydrogens less than the 
corresponding aliphatic compounds. The absence of -1 97S cm band after 
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reduction suggested the presence of a trans double bond in the 
compound. TheylO,l~ also showed that PGE I was very sensitive to alkali 
with the formation of a compound absorbing at 278 nm and with very 
dilute alkali an intermediate compound with 217 nm absorption was 
formed. This fact suggested the presence of a S-hydroxyketone which 
underwent dehydration. 
h f f ' 11 1 ' d dlO,ll ,. T e structure 0 PGE I was lna y e UCl ate by oXldatlve 
ozonolysis and the separation of the degraded products by gas-liquid 
chromatography and identification by mass spectrometry . The structure 
of PGE I was confirmed by comparison of its derivative with two identical 
synthetic specimens prepared by. different routes. 12 
The complete X-ray analysis of the bromo-and!odo-benzoates of 
13,14 I ' h h ' 1 PGF l by Abrahamsson estab lS ed t e stereochemlstry. Samue sson 
et al. lS obtained a levorotatory 2-hydroxyheptanoic acid on oxidative 
degradation of PGE I and thus established the correct absolute 
configuration. In conjunction with the established relative 
configuration of PGF IS ' prostaglandin E} can be represented as in fig . 2 
and named as (-)llR, IS(S)-dihydroxy-9-oxo-13-trans-prostenoic acid. 
Four additional prostaglandins, which were found to differ in 
their degree of unsaturation from PGE I and PGFl~' were subsequently 
, 1 .. 1 16,17 d' d lSO ated by Bergstrom et ~. . and were eSlgnate as PGE 2 , PGE 3 
and PGF2~' PGF3~ respectively. 18 19 Later, Hamberg and Samuelsson ' 
isolated eight additional prostaglandins from human seminal plasma . 
These can be derived from PGE compounds by dehydration and w2 
hydroxylation. All prostaglandins so far identified in human seminal 
plasma are shown in -fig . 2. To facilitate the discussion it may be noted 
that the form of nomenclature is as outlined in fig. 1 and 2. 
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2. BIOSYNTHESIS 
. h d' 1 d 20 d 00 21 On the basls of t e structures lSC ose , van Dorp an Bergstrom 
independently put forward the hypothesis that essential fatty acids 
could possibly act as precursors of prostaglandins, and simultaneously 
showed that PGE 2 was formed in high yield when tritium-labelled 
arachidonic acid was incubated with whole homogenates of sheep vesicular 
glands. wallach22 in 1965 independently showed that the biosynthesis could 
be effected by acetone powder of vesicular glands of the bull; this 
finding is of interest since this species does not have detectable 
levels of prostaglandins in the seminal plasma . 
Further work20 ,22,23 with all cis-eicosa- 8,ll,14-trienoic acid 
and eicosa-5,8,11,14,17-pentaenoic acid showed them to be precursors 
of PGE I and PGE 3 , respectively. (fig. 2). Anggard and samuelsson
24 
and 
Kup lecki25 have shown that the use of an homogenate of sheep vesicular 
glands yielded small amounts of PGF I compounds where as incubation of 
homogenates of guinea pig lung with arachidonic acid yielded 
predominently PGF2~ together with PGE 2 and its metabolites . It is of 
interest to note that PGE and PGF are not interconvertible biochemically 
although both are formed from the same precursor. 
From the study26-29 of stereospecifically tritium-labelled 
precursors the reaction mechanism can be summarised as in fig . 3 . 
The initial reaction appears to involve stereospecific abstraction 
of a hydrogen atom at C-13 followed by a lipoxidase-type reaction 
yielding ll-peroxy-8,12,14-eicosa trienoic acid. The formation of the 
cyclic peroxide is visualised as involving a concerted reaction, with 
addition of oxygen at C-15, isomerisation of the l2,13-double bond, 
formation of the ring through a new carbon- carbon bond joining C-8 
and C-12 and attack on the ll-peroxy radical at C-9. Addltional 
evidence for the existence of cyclic peroxlde can be explalned from 
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4 
the findings 30 ,31 that 12-hydroxy-8(trans)-10-(trans)-heptadecadienoic 
acid(VI ) is a by-product formed by the elimination of carbon atoms 9,10 and 
11 as malonaldehyde(V). An isomer (IV) of PGE (II) can also be formed 
under certain conditions. (fig. 3). 
3. BIOLOGICAL ACTIVITY 
The rapid increase of interest in the field of prostaglandins is 
demonstrated by more than one thousand publications during the last 
three years. Several articles and monographs 32 - 4l provide exhaustive 
reviews covering especially chemistry, biochemistry, biology and 
pharmacology. 
Most of the prostaglandins have potent biological activity and 
are now under intensive study in many laboratories . A statement from 
Medical World News of 7th February 1969, "In Atlanta, volunteers are 
inhaling a hormone-like substance to clear up Nasal Congestion. In 
Stockholm it is being tested against male sterility. In Uganda, it is 
injected to induce labour and in Michigan researchers are feverishly 
exploring its possibilities as a 'morning after' contraceptive", vividly 
describes some of the areas in which clinicians are attempting to put 
prostaglandins to the therapeutic use. 
Prostaglandins have been administered by a number of different 
methods, and it is clear that structure is related to some extent to 
effectiveness by a given route. Since some routes are more convenient 
than others, a search is requireo for structures which are most 
effective by the most convenient routes. The structure-activity 
relationships also clearly demonstrate changes in ratios of types of 
activity with alterations in structure. 
5 
Therapeutic abortion, Induction of labour and Fertility control 
A large effort continues to be expended in more precisely defining 
the role of prostaglandins in reproductive physiology whi ch is 
. 42-44 h f d . h .. fl ' d revlewed. T e presence 0 PGE 2 an PGF2~ ln uman amnlotlc Ul 
samples obtained during labour or spontaneous abortion has been shown. 45 - 47 
It was also shown that some prostaglandins appeared in maternal 
circulation, in high concentrations, during labour and spontaneous 
abortion. The presence of biological substances in the site of action 
is considered indicative of physiological role. The first clinical 
trials on the use of prostaglandins were reported by Karim and Filschie45 
and Bygdeman group,46 and the efficiency of PGF2~' PGE l and PGE 2 in this 
, 47-49 
respect has been further establlshed. Karim50 has reported that 
PGE 2 and PGF2~ on intravaginal administration produced uterine 
contractions similar to those seen in normal physiological labour and to 
effect delivery of a live foetus or produce abortion . He has also 
reported that PGE 2 and PGF2~ when administered intravaginally or 
intravenously induced menstruation in women who were 2-7 days past 
their expected menstrual date. Karim prefers to use the chemically 
less stable but 8-10 times more potent PGE 2 compared to PGF , ~~ 
Bygdeman and Wiqvist5l revealed that 94% of early pregnancies were 
interrupted by intravenous infusion of PGF2~ . They have also shown 
that administering PGE2 or PGF2~ directly into the uterine cavity~ 
between the foetal membranes and uterine wall led to abortion with 
clinical effectiveness and the total dose required was 0.1 of that 
necessary intravenously and thereby generalised side effects like 
nausea and .diarrhoea were almost completely eliminated. 
Induction of labour at the term is readily accomplished by 
. .. f ' h 52-56 . 50 d " d lntravenous lnfuslon 0 elt er PGE 2 or PGF2~. Karlm a mlnlstere 
tl" 
PGE 2 and PGF2~orally in{hundred women at or near term to induce labour 
.1 
I 
I~I 
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6 
successfully. Intravaginal application of PGE 2 and PGF 2cr (2mg or 5mg 
respectively) every two hours was also proved ~o be successful for 
induction of labour at term, but did not appear to have any advantage 
over the oral route. 
57a d ' As early as 1947 Asplund suggeste a correlatlon between total 
prostaglandin concentration in seminal fluid and degree of fertility on 
the basis of prostaglandins discovery in human seminal fluid source. 
d 57b . 1 6 d ' . Byg eman In 9 9 reporte on the basls of the analysls of semen 
specimens that PGE content was less than 15 ~g/ml in infertile men and 55±20 
~g/ml in normal fertile men . 
Antisecretory: So far only very limited preliminary studies in humans 
have been reported. In 1968, Horton58 observed no inhibition of 
pentagastrin- induced gastric secretion, when three men were orally 
administered 10-40 ~g/kg of PGE I . On the other hand PGE I when 
administered intravenously at a total dose of 4-5 ~g/kg inhibited 
significantly the stimulated gastric secretion in man with tolerable 
' d 59 Sl e effects. 
Bronchodilation: Preliminary studies61 have shown in asthmatic subjects 
that breathing an aerosol preparation of the prostaglandin El (as 
triethanolamine salt-being less irritating) improved the air flow by 
relaxing the smooth muscle of the bronchial tubes with essentially no 
effects on ECG, blood pressure or pulse rate. The administered materia l 
is rapidly detoxicated metabolically unlike synthetic drugs for this 
purpose . 
Nasal Patency: 62 63 Anggard and Jackson and Turner have reported t he 
increase in nasal patency when PGE I was applied topically to the nose, 
as a result of constriction of nasal blood vessels, but no effect was 
noted with PGFlcr . 
63 Jackson and Turner reported that 100~g dose caused 
irritation. 
j ~ 
Renal-cardiovascula r system: The first studies of PGE I in humans in 
1959 by Bergstrom et al. 64 revealed an increase in heart rate and a 
slight fall in arterial blood pressures. At lower levels no effect in 
blood pressure was observed whereas heart rate still increased. 65 
66-69 70,71 Subsequent work on dogs and humans has shown that infusion 
of PGE I causes a typical and reproducible increase in heart rate before 
any fall in blood pressure is seen. The cardiovascular effects of 
PGF2~ in man are strikingly different from those of PGE I and are 
quantitatively different to the effects of PGF2~ in dogs . , 171 Karlm et a .. 
reported that continuous infusion of 0.01-2.0 ~g/kg/min. of PGF2~ in 
humans produced no effect in blood pressure, heart rate, ECG and 
respiration and PGE I infusion produced decrease in blood pressure and 
an increase in heart rate as reported earlier by Bergstrom et al . 64 ,70 
The potent vaso-depressor and natriuretic activities of PGA 
d 1 d 72, 73 h 1 " 1 ,. , compoun s e to t e c lnlca evaluatlon In the renal-cardlovascular 
system and proved them to possess the cardiovascular and renal effects 
of PGES without the smooth muscle stimulating actions of PGE-series. 
Also in contrast to PGE and PGF compounds the PGAs are not quickly 
metabolised and inactivated by lungs 74 and escape rapid deactivation in 
h 1 ' 1 ' 72 t e pu monary Clrcu atlon . PGAs are well tolerated by intravenous 
infusion and low acute toxicity. 
PGAs have also been proved to be effective in the treatment of 
, . h . 1 h ,75-77 patlents Wlt essentla ypertenslon. 
Biological Activities of Prostaglandin Analogues 
Many analogues are now being synthesised and many show interesting 
biological activities. It is already clear that quite considerable 
structural changes can be made providing the overall type of structure 
is maintained, and biological activities result. w-Homo-PGE I showed 
the same order of toxicity as PGE I and it was metabolised in the same 
way as PGE I • It also inhibited more strongly the ADP induced platelet 
aggregation compared to PGE I . These data prompted Gillespie
78 
to 
8 
undertake trials and results indicated that w-homo PGE I is as effective 
as PGE I for stimulation of uterine motility. Abortion was successfully 
induced in three cases using w-homo PGE I . 
This is the first example of the use of a prostaglandin analogue 
as an abortifacient. 
dl-7-0xa-PGFI~' and some closely related substances . have- been 
examined by Ford and Fried,79 for activity on smooth muscle and although 
proved to be active had considerably lower activity than the natural 
analogous prostaglandin. From these data they have drawn some 
-
tentative conclusions: (1) maximum activity results when both 
IS-hydroxyl and trans double bond are present, (2) substitution of the 
IS-hydroxyl group by hydrogen and the reduction of trans double bond or 
its replacement by a cis double bond leads to progressive lowering of 
activity, (3) a triple bond can be substituted for the trans double 
bond without loss of activity. 
They126 have also shown that with some of the 7-oxa compounds at 
lower antagonist levels competitive inhibition prevailed whereas at 
higher levels of antagonist there was increasing non-competitive 
behaviour. Inhibitors are frequently compounds exhibiting the same 
activity but to a much smaller extent. 
Bundy et al. 80 tested the 3-oxaprostaglandins for smooth muscle 
activity in vitro and proved it to maintain prostaglandin-like activity . 
The 3-oxa PGE I appeared to be less potent than PGE I • They also studied 
the IS-methyl analogues with a view that they may be more active if 
C-lSH is blocked for C-IS dehydrogenase. However , these compounds, 
although showed prostaglandin like activity, did not prove promising . 
9 
It has been reported8+ that Andrew Robert of Upjohn told the Vienna 
meeting that ~ his rec~nt animal test 'with the l6,16 ~dimethyl derivative of 
PGE 2 m~thyl ester,is found to be up to 50 times more potent in inhibiting 
gastric secretions than the natural compound and is longer lasting. 16,16 -
Dimethyl PGE l is also much mOre effective in reducing th~ flow o f pepsin. 
L ' 82 d h' , d h ' ~ppman an ~s group exam~ne t e effect of prostagland~n 
analogues on gastric acid secretion in the rats. His data showed that 
dl-ll-desoxy PGE I was more active (about 8 times) than the corresponding 
dl-ll-desoxy PGFl~ and is one half as active as PGEli dl-ll-desoxy 
l3,14-dihydro-IS-methyl PGE I resulted in decrease in activity. They 
concluded that an appropriate optical isomer might be even more active . 
Bagli and Bogri83 have reported that the methyl esters and aci ds 
of isomeric dl-ll-desoxy-13,14-dihydro-PGFl~ and PGF IS lowered arterial 
blood pressure in normotensive cats at 1-0.5 mg/kg. levels i ntravenously. 
The esters also showed vasodepressor activity in hypertensive rats, when 
administered intraperitoneally, so also 9-desoxy-13,14- dihydro 
1 ' 84 pros tag and~n. 
More synthetic approaches are needed with modifications of the 
prostaglandin molecule designed to alter specificity, increase potency 
and duration of activity and improve stability. possible alter~ations 
include length of chains, branching of chains, position of substituents , 
insertion of groups such as O,S,N, in chains or rings, different ring 
sizes, and different stereochemistry. Many have higher activities not 
because they are intrinsically higher (although may be) but because 
rapid metabolic elimination is prevented. 
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4. PREVIOUS SYNTHETIC WORK 
The availability of prostaglandins from the natural sources only 
in low concentration, the high costs involved in their preparation 
enzymatically from the essential fatty acid precursors, and the striking 
pharmacological properties exhibited by them demanded efficient total 
synthesis of these compounds, and their analogues. The complex 
stereochemistry of these compounds and the presence of sensitive 
functional groups posed formidable challengesto the synthetic organic 
chemist. A large number of synthetic approaches has- already been 
, , 36,37,40 d h ub' , 11 d d recorded In the Ilterature an t e s ]ect lS we ocumente. 
A brief account of these aspects is outlined here. 
The first chemical synthesis of a prostaglandin derivative, 
namely, l5-desoxy-13,14-dihydro-PGBl (2) was reported by Samuelsson and 
Stalber§2in connection with the structural elucidation of PGE 1 • This 
synthesis involved the base-catalysed cyclisation of the 1,4-diketo 
derivative (1), prepared from methyl 3-ketoundecane-l,11-dioate by 
alkylation with l-bromo-decane-2-one. The product of cyclisation on 
hydrolysis and decarboxylation furnished the required prostaglandin 
derivative (2) . In another approach, the same authors employed the 
condensation of 4-keto-dodecane-l,12-dioate with n-octyl magnesium 
bromide followed by cyclisation of the resulting lactone(3) to give the 
compound (2) (fig. 4). 
Bagli et al. 85 ,86 announced the first total synthesis of a 
ll-desoxyprostanoic acid(8). The starting point in this synthesis was 
ethyl 2-cyclop~ntanone carboxylate(4) into which the two side chains 
were introduced by a sequence of reactions as formulated in fig. 5. The 
allylic alcohol function in the side chain was generated from the 
S-keto vinyl chloride function via the corresponding enol ether. 
Reduction of the ketdgroup with sodium borohydride followed by acid-
I 
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11 
catalysed dehydration gave the ~,S-unsaturated ketone (7) which was 
reduced to a mixture of isomeric alcohols (8). 
Recently,83,87 the same authors incorporated the olefinic side 
chain utilising photochemical addition of the chlorovinyl ketone (9) to 
the cyclopentenone derivative (5). The resulting adduct (10) was opened 
with zi.nc and acetic acid which on reduction gave desoxy prostaglandin (8) • 
_:L J~'l t. "h a e 1 
More recently Bagli and Bogri88 employed ' reaction to introduce 
a nitromethylene group ' into the cyclopentenone derivative (5) and 
converted the sodium salt of the nitro compound (11) into the keto 
aldehyde by hydrolysis with dilute sulphuric acid. Extension of the 
side chain on C-13 by the conventional methods completed the synthesis 
of ll-desoxy-PGF I (8). 
Caton and co-workers 89 also carried out the synthesis of dl-ll-
desoxyprostaglandins. Thus the enamine of cyclopentanone was condensed 
with 7-hydroxyheptanal to give the enone(12). The latter through 
hydrocyanation, reduction, Wittig reaction, and oxidation yielded the 
prostaglandin derivative ($). They also prepared dl-9-desoxy-13, . 
l4-dihydro-PGE l • The starting material contained a protected carbonyl 
function, which served as latent II-hydroxyl group, and an ~-alkyl side 
chain with a cyanide group at the end. The cyanide function was subjected 
to Grignard reaction to elaborate the side chain suitably and the 
resulting hydroxyl compound was acetylated . The ketone was 
regenerated and dehydrogenated by bromination and dehydrobromination to 
furnish the unsaturated ketone. (14) The latter was transformed to the 
compound (16) by the known procedures. 
Non-enzymatic cyclisation90 of cis-8,11,14-eicosa trienoic acid (17) 
involving auto-oxidation followed by reduction with stannous chloride 
resulted in the formation 1-2% of prostaglandin-like material which 
presumably contained 5-10% of a mixture of dl-PGE I and its stereoisomers. 
o 
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12 
In 1966, Beal and coworkers9l described the first total synthesis 
of the naturally occurring dl-13,14-dihydro PGE 1 , a metabolite of PGE 1 • 
These authors formylated 3-ethoxy-2-cyclopentenone(19) and employed 
Wittig reaction followed by hydrogenation to introduce the side chain 
at C-8(prostaglandin numbering). The process was similarly repeated 
using an appropriate Wittig reagent for attaching the side chain at C-12 . 
The ethyl enol-ether(2l) was converted into benzy~nol ether by acid-
catalysed exchange and hydrogenated to furnish a stereoisomeric mixture 
of the diol(23). The synthesis suffers from low yields only in the final 
reduction of the benzyl enol ether system to the S-hydroxy ketone s 
Another approach (fig. 12) by the same authors92 was based on the 
construction of the hydrindane derivative(24) involving the Diels-Alder 
reaction between cyclopentene-3,S-dione and butadiene. The keto 
functions in the ring were reduced to hydroxyls and protected while 
the cyclohexene ring served as latent reactio~ sites for the elaboration 
of the side chains at C-8 and C-12. Thus, the double bond was converted 
to the ketone by hydroboration followed by chromium trioxide oxidation 
and a CSHll chain was linked using a suitable Grignard reagent. 
Dehydration of the resulting tertiary alcohol and subsequent oxidation 
furnished the keto aldehyde(28) which was subjected to Wittig reaction 
to attach the side chain at C-8 selectively. 
The first synthesis of PGB1 , disclosed by Hardegger and coworkers
93 
in 1967, is outlined in fig. 13. The key step was acid-catalysed 
allylic shift (1,3) of a tertiary hydroxyl to a secondary position. 
The cyclopentenone derivative(S), used by Bagli et al., was treated 
with the appropriate Grignard reagent to yield the tertiary alcohol. 
Oxidation of the rearranged product to (32), catalytic hydrogenation, 
ether cleavage and basic hydrolysis, successively, furnished PGB 1 . (33) 
The basic hydrolysis also isomerises the initially formed cis-double 
bond into the trans. 
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Van Dorp and co-workers94 reported a similar synthesis of PGBl and 
dihydro PGB l and .extended .their work for the synthesis of a mixture of 
dihydro PGEr and its isomers. The hydroxy group at C-ll was introduced 
by allylic bromination of the acetyl compound (34) followed by 
displacement with silver acetate and subsequent hydrolysis. Catalytic 
hydrogenation of the ene-diol obtained afforded dihydro PGE 1 (35) along 
with the products of hydroqenolysis(36) which unfortunately predominated . 
h h 95-97 db' . .. h Tree ot er groups prepare PGB l y a slm~lar route startlng wlt 
the enol ether of 2-substituted cyclopentane 1,3-dione(37) which was 
prepared independently by different procedures. All of them used the 
acetylenic magnesium bromide obtained from the tetrahydropyranyl ether 
of 1-octyn-3-o1 to introduce the side chain at C12 • pappo98 accomplished 
the synthesis of natural 15(S)-PGBl by using the optically active 
1- octyn-3-o1. He also reported98 the synthesis of ll-hydroxy analogues 
by the same process utilising 2-substituted cyclopentane 1,3,4-trione 
as the starting compound. 
Just and Simonovitch99 described a versatile approach to the 
synthesis of prostaglandins by a route formulated in the fig. 15. They 
synthesised PGF1~ and PGE l utilising the bicyclo [3.1.0] hexane systems. 
The key reaction involving the formolysis of an epoxide serves to 
introduce the hydroxy group at C-ll as well as to generate the allylic 
alcohol function at the required position in the side chain at C-12 . 
Thus the te"trahydropyranyl ether of cyclopenten-4-o1 was converted to 
the bicyclic system(38) by treatment with diazoacetic ester in the 
presence of copper. The ester group was transformed into the aldehyde 
which was subjected to Wittig reaction to extend the side chain. The 
hydroxy group was regenerated and oxidised to the carbonyl (39) ., 
Alkylation of the ketone with w-iodoheptanoate attached the required 
side chain at C-8 giving both the isomers. The ~-isomer(40A) was 
14 
reduced to a mixture of epimeric alcohols(41A) and (41B). The compound 
(41A).· was epoxidised, formylised and basified to give a mixture of 
products from which PGF l o:ester(43) was isolated in 2-3% yield. Although 
the original synthesis lacked stereochemical control and suffered from 
1 'ld' 'd abl d'f' d b h 'h 100-10S ow Yle s, It was conSl er y mo l le y t e UpJo n group, 
especially in the solvolysis step. The main modification was the 
preparation of the bis-tosylates/bis-mesylates from the dials · through 
epoxides(42) or hydroxylation of 41A, followed by solvolysis in acetone-
water which improved the feasibility of this route for the synthesis of 
PGE I and PGF I . This synthetic approach is also adaptable to the 
synthesis of all the prostaglandins and a wide variety of their 
analogues. 
In 1968, coreyl06 and his collaborators achieved the synthesis of 
the racemic as well as the optically active forms of PGE I by their 
ingeniously planned routes involving new methods, specific reagents and 
mild conditions. In their earlier synthesis, as outlined in the fig. 16 
a cyclopentanone ring was built up by aldol condensation of the keto 
aldehyde (47) using 1,S-diazobicyclo [4.3.0J nonane as the base. The 
keto aldehyde(47) was prepared by a lengthy process in which the initial 
Diels-Alder reaction was attended with remarkable regiospecificity 
furnishing mainly the adduct (46) ; the other positional isomer was only 
a minor product. In the aldol condensation, both of the ll-epimers were 
obtained. The 9-amino group was transformed to the ketone at the end 
of the synthesis. The C-13 ketone(48) was reduced to the alcohol (49) 
which was dehydrated after regenerating the carbonyl at C-lS while C-ll 
hydroxy and C-9 amino groups were protected. The reduction of 0:, S-
unsaturated ketone (SO) to the allylic alcohol furnished C-lS epimers. 
Removal of the terahydropyranyl ethers could be performed under 
conditions which did not affect the acid sensitive S-ketol unit. By 
employing the conventional procedures they also synthesised PGrl~' 
PGF
1B
, PGB l and PGB 2 . 
Another approach by the same authorl07 to the synthesis of the 
intermediate (60) involved the Michael addition of the nitro compound 
(54) to the ~,B-unsaturated aldehyde (55) (fig. 17). The resulting 
nitroaldehyde (56) was converted to the olefinic diketal (58) and 
15 
cyclised under acidic conditions giving again a mixture of the epimeric 
alcohols (60A) and (60B). Acetylation furnished the required intermediate 
(50). Use of stannic chloride l08 as a catalyst for the cyclisation of 
the olefinic diketal (58) considerably supressed the formation of the 
undesirable ll-epimer. Resolution of the amino dihydroxy compound of 51 
as ~-bromocamphor- TI-sulphonate and the use of the optically active 
amino compound in the further reactions led to the synthesis of 
optically active PGE 1 . In other approaches to the synthesis of 
1 d ' d 109-111 h ' d kabl prostag an lns, Corey an co-workers ac leve remar e 
stereochemical control in all the steps except in the reduction of 
the C-15 carbonyl group. They employed cyclopentane intermediate 
(70) in which a y-lactone was cis-fused to the five membered ring 
at C-8 and C-9 (prostaglandin numbering) and the acetoxy substituent 
at C-ll was placed with the required ~-orientation . The lactone 
served the double purpose of generating the 9-hydroxyl as well as 
the side chain at C-8 with the cis-double bond at C-5. The aldehyde 
group was utilised for elaborating the C-12 side chain . This potential 
intermediate (70) was elegantly synthesised starting from the 
cyclopentadiene derivative (61) by a sequence of ten reactions of which 
noteworthy is the ~e9;oselective Baeyer-Villiger oxidation of the 
ketone (64). They also resolved the intermediate acid (66) via its 
ephedrine salt which permitted the synthesis of natural enantiomers. 
The key reaction is the iodolactonisation of the resolved acid (66) using 
iodine and potassium iodide which accomplished the process with the 
correct stereochemistry at all the four asymmetric centres G The earlier 
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findings l06 that 11,lS-ditetrahydroxypyranyl ethers of PGE compounds 
can be hydrolysed without S-elimination permitted the synthesis of PGE 2 
from the intermediate (76) . The intermediate(76) was also selectively 
hydrogenated to give PGE I and PGFl~. A shorter route for the synthesis 
of(73), by the same authors,112 using a bicyclo [3.1.0] hexane system(78 ) 
was less e£ficient due to low yield in the ring-opening reaction. 
113 lId f . . f . They a so deve ope an e f1c1ent route or the preparat10n of the key 
intermediate (81) necessary for synthesis of the PGA series. Theyl14 
recently achieved the more efficient stereoselective reduction of the 
C-lS carbonyl using new optically active reducing agents. By the same 
approach Corey et al.,llS also accomplished the synthesis of optically 
active PGE 3 and PGF3~' using optically active Wittig reagents. 
I 116,117 
Crabbe et ale . utilising the iodolactone(79) effected the 
synthesis of two useful intermediates under different experimental 
conditions. Thus, hydrogenation of olefin lactone (80) was attended 
with hydrogenolysis whereas hydrogenation of the hydroxy acid saturated 
the double bond only to give the compounds(8S) and (83), respectively . 
Further work with these two intermediates by the conventional 
procedures led to the synthesis of 11-desoxy-PGE2 and Il-deSOXY-PGF2~116 
and 9,11-bis-desoxy-prostaglandins.117 118 More recently, the same authors 
solvolysed the iodo lacto~e(79) to obtain the 10 ~~hydroxy derivative(86 ) 
which via(87) permitted the synthesis of 10 ~-hydroxy-prostaglandins(88) 
and (89). 
In 1972, Sih et al. 119 synthesized for the first time dl-lS-
desoxyprostaglandin El with a view to transforming it micro-biologically 
~ 
to the naturally occurtng PGE I . As formulated in the fig. 20, lithium 
cyclopentadienide was alkylated to attach the required C-8 side chain 
and the resulting diene(90) was immediately oxidised using singlet 
oxygen generated from sodium hypochlorite and hydrogen peroxide to 
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furnish a mixture of isomeric hydroxy ketones (91) and (92). Yield 
and ratio of the isomers varied with the reaction conditions. The C-12 
chain was efficiently incorporated using a lithium trans-alkenyl 
derivative in the presence of tri-~-butylphosphine-copper(I) iodide. 
The trans stereochemistry of the olefin was preserved during the 1,4-
addition and the reagent was found to approach mainly from the least 
hindered side. The reaction also gave the thermodynamically stable 
trans arrangements of the side chains in the product. The ester function 
was hydrolysed with baker's yeast. Later,120 employing 3(S)-(~-ethoxy ) -
ethoxy-l-lithio-l-trans-octene(96) , by the same approach they synthesized 
natural PGE l and l5-epi-ent-PGE 1 . 
The same authors12l also accomplished the synthesis of ll-desoxy-
PGE l by a similar process using the 2-(6-carbomethoxyhexyl)-
cyclopenta-2-ene-l-one. The latter was prepared from 2- methoxy-
cyclopent-2-ene-l-one and 8-iodo-l-octene, which in turn was prepared 
from inexpensive octa-l,7-diene by hydroboration, by a sequence of 
reactions involving Grignard reaction and the conversion of olefinic 
function to the ester. The product mixture finally obtained consisted 
of an equimolar mixture of ll-desoxy PGE l and ll-desoxy-15-epi-ent-PGE l o 
They also carried out the synthesis of dl-ll,15-didesoxy-PGE l in a 
similar way. The overall synthetic approach involved less number of 
steps, inexpensive starting materials, giving good yields of the products 
under mild conditions with satisfactory stereochemical control. 
ub h l ' , f ' 1 119,120 S sequent to t e pub lcatlon 0 Slh et ~o, three other 
122,123,124 ' d d ' 1 d ' groups reported ln epen ent synthesls of pros tag an ln 
analogues by routes essentially similar to that mentioned above. 
12 2 , 1 . , , , ( 1) 1 4 dd ' , Pappo Utl lslng trans-alkenyl copper derlvatlve 14 for , -a ltlon 
to the cyclopentenone derivative (104) , completed the synthesis of 15-
d 1 123 . , 12 . esoxy -PGElo A varez et al., lntroduced a vlnyl group at C- uSlng 
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a copper complex as the catalyst, oxidised the olefin to aldehyde and 
elaborated the side chain by the conventional methods to get dl-PGE l , 
Il-desoxy-prostaglandinsE l , Fl~' FIS and other analogues in good yields. 
In 1968, Fried et al:2S announced the synthesis of 7-oxaprosta-
glandins Fl~ starting from cis-I,2-epoxycyclopentan,-3,S-diol. The 
notable feature of the synthesis was the well planned stereochemical 
control. In the starting compound itself the two hydroxyls, protected 
as benzyl ethers, were placed in the required cis configuration and the 
trans opening of the ~-epoxide was effected by diethyl-I-octynylalane. 
The alcohol was alkylated with t-butyl 6-iodohexanoate in the presence 
of dimsyl sodium in dimethyl sulphoxide . Treatment with trifluoroacetic 
acid removed t-butyl group and reduction with lithium in methyl amine 
hydrogenolysed the benzyloxy group while reducing the acetylenic bond 
stereoselectively to the trans olefin(119). Oxidation of the compound 
(ll~) with selenium dioxide completed the synthesis of the 
oxaprostaglandins by introducing the allylic hydroxyl at C-lS . The 
last step however was not stereospecific. 126 Later, the authors 
resolved the acetylenic alcohol intermediate(117) by optically active 
urethane salts and prepared the optically active prostaglandin analogue. 
Further, the work on the triol(12l) as formulated in the fig. 2S 
afforded oxa PGE I . A further extension of this work using isomeric 
trans epoxy dibenzyl ether(127) permitted the synthesis of PGFl~126 
(fig. 26). 
Bundy et al. SO synthesised a number of prostaglandin analogues of 
the type 3-oxa and IS-methyl, the former with a view to block metabolic 
S-oxidation and the latter to avoid enzymic dehydrogenation . They 
essentially followed the concept of Just and Simnovitch in its modified 
version using the bis-mesylate for the solvolys is. The synthesis is 
outlined in the fig. 27. For the synthesis of 3-oxa analogue, the 
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appropriate iodo ether(13S) was used for alkylation whereas for the 
IS-methyl derivative, 2-bromoheptane was utilised in the Wittig 
reaction. The latter was compared with an authentic specimen prepared 
by selective oxidation of the allylic hydroxyl in the natural 
prostaglandin followed by Grignard reaction with methyl magnesium 
iodide and their identity proved. 
Fried et al. 127 very recently developed a general procedure for 
the conversion of PGF series into PGE series in reasonable yields. They 
could selectively protect the 11- and lS-hydroxyls as trimethylsilyl 
ethers under specific experimental condition and oxidise the 9-hydroxyl 
to the ketone by Collins' oxidation. 
Partial Synthesis 
Weinheimer and spraggins128 isolated lS(R) - PGA2 (142) and its 
IS-acetate, methyl ester (143) from a sea whip, Plexaura homomalla, 
the total yield being aboutl.S% of the dry weight of the coral cortex o 
Upjohn group80 converted these two compounds (142) and (143) into PGFI~ 
and PGE 2 respectively. The essential operations in these conversions 
are hydration of lO,ll-double bond in the required direction and inversion 
at C-lS. The first was accomplished by epoxidation and opening the oxide 
using chromous acetate whereas the second was achieved either by 
oxidation and reduction or by solvolysis of lS-mesylate. The maln 
disadvantage of these conversions was the formation of C-9, C-ll and 
C-1S epimers. 
20 
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Part 1 MODEL EXPERIMENTS ON THE INTRODUCTION OF CARBOXYHEXYL 
SIDE-CHAIN 
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In planning the synthesis of prostaglandins, for instance PGE 2 , the 
synthetic chemist takes note of the following features in the molecule . 
(1) A cyclopentane skeleton with two side-chains adjacent to each 
other with the trans geometry. 
(2) Four asymmetric centres including the one in the side chain. 
(3) An allylic alcohol function in one of the side-chains with trans 
geometry of the double bond. 
(4) A S-ketol system sensitive to acid and base. 
(5) A cis double bond in the side-chain= 
To suit these requirements, the choice of a readily accessible 
starting compound with appropriate substituents and reaction sites for 
further elaboration is of great importance. In addition, a versatile 
scheme is desirable by which the other molecules of the prostaglandin 
family may also be synthesised. 
However, initially it is desirable to look at the background to 
various syntheses in general and their ability in introducing the above 
features. 
Consideration of previous work 
As discussed in Chapter I, most of the syntheses started with a 
functionalised cyclopentane, derivative like cyclopentadien~ ethyl 
2-cyclopentanone carboxylate, cyclopentenol or an indanol . Some other 
syntheses involved the formation of the ring by cyclisation (see later) . 
The S-ketol function was generally generated at a late stage in the 
synthesis as its presence would restrict the choice of the reagents and 
reaction conditions . 
The most difficult stereochemical problem was posed by the 
c~nfre 
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asymmetricLat C-9. Reduction of the carbonyl at C-9 afforded a mixture 
1 2 
of epimeric alcohols. Corey et al.' ingeniously solved the problem by 
using cyclopentane derivatives (1) and (2) fused to a 5- membered 
lactone, which were prepared from the readily available cyclopentadiene . 
The lactone served not only to preserve the stereochemistry at C- 9 but 
also as a reaction site for elaborating the side chain at C-8 employing 
a Wittig reaction on the corresponding hemiacetal. The lat ter under 
appropriate conditions also permitted the generation of a cis - double 
bond in the side chains. 
The trans configuration of the side chains being the thermo 
dynamically favourable arrangement did not cause difficult problems, 
especially in the PGE series where the base catalysed isomerisation at 
C- 8 is facile. In Corey's method the stereospecifically prepared 
starting materials were used in extending the side chai ns. Direct 
alkylation at C-8 generally produced predominantly the isomer with the 
8 ~-configuration in the bicyclo [3 . 1.0] system. Several o t her workers 
used the cyclopentenone intermediate (3) with the required carboxyl 
side chain at C-8 . One of the important reactions employed in these to 
introduce the C-12 side chain was the Michael type 1,4- addition initially 
employed by Bagli. 3 Sih et al . 4 effected the addition of an appropriat e 
lithium salt in the presence of a copper complex. Additional advantages of 
this method were that an optically active lithium salt with the allylic 
hydroxyl function suitably protected could be used and that the oxygen 
substituent at C-ll directed the stereochemistry of the addition in the 
correct direction. Similar approaches were those of Pappo and collinsS and 
Syntex group~,7 Other types of extending the C-12 side chain include t he 
ring opening reactions of bicyclo [3.1.0] hexane 8 and bicyclo [3 . 2.0] 
9 heptane systems. Taub and 10 1 d h . . . coworkers c eave t e aromatlc rlng ln 
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a hydrindane derivative (4) and C-ll hydroxyl was introduced 
by Baeyer-Villiger oxidation. The synthesis involved lengthy 
route and it is difficult to see how this procedure can be 
modified to give the E2 series. 
Fried et al. ll employed a dimethyl aluminum reagent to introduce 
an acetylenic alcohol by opening an epoxide which also gave the oxygen 
substituent at C-ll in the desired stereochemistry . 
The lack of specificity of formation of the C-15 hydroxyl (through 
carbonyl) is a bad feature in majority of the syntheses, although 
separation and recycling can be carried out. 12 However, Corey et al. 
could improve the situation by using asymmetric reducing agents to 
convert the enone into the allylic alcohol function. 
4,5 
Other methods 
(as already mentioned) include the direct introduction of the resolved 
side chain. 
The cyclopentane ring was often built from aliphatic 
1,4-dicarbonyl intermediates . One of the problems involved in 
this approach, as experienced in the earliest synthesis of a 
prostaglandin derivative by Samuelsson and Stalberg13 was lack 
of selectivity in the cyclisation step, thus leading to both of the 
cyclopentenone isomers . However, the diketone (6) obtained from the 
acetone derivative (5) went only in one direction to give the 
cyclopentenone (7). This concept has been in fact exploited in our 
laboratory* for the synthesis of cis-jasmone. An approach of interest 
. .. h . . 1 14 d ' d ~n connect~on w~t our work ~s that of Mor~n et a. an M~yano an 
15 Dorn . 1 14 . . Mor~n et~. reported a poss~ble pathway for the preparat~on 
of PGE1 via the aromatic intermediate. However, efforts towards this 
goal by them have thus far been unsuccessful. Miyano and Dorn15 with 
. . 1 h ' . . f ' 1 14 s~m~ ar synt et~c scheme ~n part w~th that 0 Mor~n et~. were 
* Ko Keogh, personal communication . 
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successful in the stereoisomeric synthesis of 15-dehydro-PGE I . Thus 
condensation of S-keto-undecan-l,ll-dioic acid with styryl glyoxal gave 
a high yield of the unsaturated ke~one (9). Treatment with dilute alkali 
gave cyclopentenone (10) in 40-50% yield. Miyano16 in another approach 
on the synthesis of 15-dehydro-PGBI used a bicyclo [2.2.1] heptane 
system as a blocking group and thereby achieved the cyclisation , 
unidirectionally. The bicyclo-system also served to generate a trans 
double bond in the side chain in a retro Diels-Alder reaction. 
strike and smith17 employed a compound (13) containing all of 
the carbons and ring-closed (aldol) as the last stage to give the 13,14-
dihydro-Al series. 
1 [14 R = (CH 2 )6 COOH, R = CH2-CH2-CHOH-CSHIIJ· 
Epoxidation followed by hydrogenation gave complex stereoisomeric 
mixtures of the dihydro-PGE I . The hydrogenation is a bad feature as 
the final step severely limits the versatility of the route. 
1 .. 18 d k ' h' d . . Very recent y KOJ~ma an Sa a~ ac ~eve the stereospec~f~c 
total synthesis of PGFl~ using a 1,4-diketotriester (17). The latter 
was obtained from condensation of 3-keto-undecane diester (15) and 
methyl y-bromo-S-methoxycrotonate (16) followed by trifluoroacetic acid 
treatment. The methylene in the S-keto ester group being more acidic, 
it facilitates cyclisation to give the required cyclopentenone (18). 
The hydrogenation of the latter with palladium on charcoal introduced 
stereospecifically asymmetric centres at C-8, C-9 and C-12 (prostaglandin 
nUmbering) in compound (19). Sodium borohydride reduction of (19) gave 
through steric approach control, an ~-hydroxy ester (20). Conversion of 
C-9 and C-12 functions to appropriate ones was accomplished by 
conventional methods thus leading to PGFl~. 
From the above mentioned examples it is evident that 
1,4-diketo intermediates are very attractive for the synthesis of 
prostaglandins. 
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Importance of cyclopentenones as Intermediates 
d " d b h ' k 19 h ~ Our own work was con ltlone y t e prevlous wor on t e sterold 
synthesis of the type shown (21->25) which indicated the possible 
effi cient formation of cyclopentenones from 1,4 diketones and these i n 
turn are derivable from ffurans. 
The synthesis notably provides two adjacent substituents which are 
potentially convertible into prostaglandin chains, a double bond which 
is reducible to the right stereochemistry, and one of the two required 
ring oxygens. The second might be introducible in terms of the known 
pyrethrolone synthesis . 
If an aromatic precursor (26) is used, there are several problems 
, 
to solve. One is to elongate the acetic acid side-chain, probably to 
give the cis-double bond found in the E2 etc. series, the other is to 
convert an aromatic system into the required open chain. Theoreti cally 
either chain might be elaborated from either side, (27 or 28) but it 
seemed logical to extend the acetic: acid chain to give the carboxyl -
terminated prostaglandin chain. In one case the nuc lear oxygen is at 
9- and the other in the 11- position, both natural ones. Carboxyl side 
chain extension requires an intermediate -CH 2-CHO or equivalent. The 
equivalent can be the lactol as used by Coreyl, deri ved from the lact one . 
In our sequence the ring carbonyl can be reduced to form the 
source of the ring oxygen of the lactone. The possible use of this via 
* lactol method is being examined by other workers in this laboratory. 
3- (3 -1 -methoxyphenyl) -2-cyclopentenone acetic acid was used as a 
model compound to extend it to a carboxyhexyl side chain via -CH
2
- CHO . 
The latter compound might also act as an intermediate for the synthesis 
of prostaglandin analogues with some manipulations on the aromati c r i ng 
to give the other required alkyl side-chains. _ 
* K. Keogh, personal communication. 
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The starting material for the synthesis is the known fur-
furylidtne derivative (30). Following the procedure of Martin and 
, 20 ( ) , Rob1nson ,3-methoxyacetophenone 29 was condensed w1th freshly 
distilled furfural in the presence of sodium methoxide in methanol to 
obtain the furfurylidene derivative (30) in 88.5% yield, bepo 169-1700 /0 . 4 
( 1 it. 20 b • P . 185/0 • 6nun. ) . , , 21 The latter on aC1d hydrolys1s afforded nun. 
the crude diketo acid (31) which on crystallisation furnished the pure 
diketo acid (31), m.p. 88-89 0 (lit. 20 m.p. 87-880 ). h ' I ' d 22 T 1S was cyc 1se 
using alkali to give cyclopentenone acetic acid (32) in 96.5% yield, 
o , 20 0 
m.p. 103-103.5 (llt. m.p. 100-101 ). 
Hydrogenation of the cyclopentenone acetic acid (32) over 10% 
palladium on charcoal under alkaline conditions furnished the trans-
cyclopentanone acetic acid (34) quantitatively, v 1730-1725 cm-l 
max 
The trans relationship is already established in hydrogenation of 
, , ,, 23 , 1 24 
slm1lar types of compounds by Gr1nenko and Maks1mov and Ch1nn et ~. 
The acid (34) was esterified with 5% ethanolic sulphuric acid and the 
(v 1735-1725 cm- l ) was ketalised using resulting keto ester (35) 
max 
ethylene glycol and p-toluenesulphonic acid. The ketal ester (36), b.p. 
o -1 194-195 /0.6nun, (vmax 1735, 1160, 1040 and 950 cm ), was subjected to 
reduction with lithium aluminium hydride to afford the ketal alcohol (37) . 
The presence of hydroxyl and ketal groups in the compound (37) was 
evident from the infra-red absorptions at 3400 and 950 cm-l respectively . 
However, this compound on keeping at room temperature for several days, 
presumably underwent isomerisation to its structural isomer (76), as 
suggested by the absence of the original ketal band at 950 em-I as well 
as the singlet in the nmr spectrum due to the ethylenedioxy moiety; 
instead a multiplet was shown at 8 4.0. 
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The above ketal alcohol (37) was therefore immediately converted 
into the ketal aldehyde (38) by oxidation employing the modified Collins' 
25 
reagent The ketal-aldehyde (38), thus obtained, b.p . l70-l720 /0.3mm, 
-1 
showed aldehyde bands at 2715 and 1715 cm and ketal bands at 1040 and 
950 -1 cm The nmr signals at 8 3.9 and 9.0 also supported the presence of 
the ketal and aldehyde functions respectively. The elemental analysis 
is in agreement with this structure (38) . 
The ketal aldehyde (38) on treatment with Wittig reagent, obtained 
from 5-triphenylphosphoniopentan6ic acid and sodio methylsulphinyl-
carbanide in dimethyl SUlphoxide 26 , gave the unchanged ketal aldehyde 
back. This may be due to the presence of the free carboxyl group. Therefore 
Wittig salt with protected alcoho127 side-chain was investigated as an 
intermediate. 
The phosphonium salt (42) was prepared in the following manner . 
Tetrahydropyran was converted into the bromo-acetate (39) by 
.. . 28 . . heatlng wlth acetyl bromlde ,ln 90% Yleld. . f' , 29 f h Saponl lcatlon 0 t e 
acetate (39) at room temperature using 2N sodium hydroxide in ethanol 
yielded the bromo hydroxy compound (40) in 85% yield. The latter was 
treated with dihydropyran30 in the presence of a few drops of concen-
trated hydrochloric acid, to obtain the required bromopy ranyloxy 
compound (41). The corresponding phosphonium salt was prepared by 
heating the bromo compound (41) with triphenylphosphine at ca 1100 • 
Reaction of the ylid, obtained from the salt (42) using butyl 
lithium in ether:7 with the ketal aldehyde (38) furnished the crude 
hydroxy olefin (43) which had the infra-red absorptions at 3400 and 
-1 -1 
1050 cm and 980 em showing the presence of hydroxyl group and a 
trans-disubstituted double bond. The compound ( 43) was d i rectly 
hydrogenated over 10% palladium on charcoal and the reSUlting saturated 
product showed the absence of a 980 cm- l in the infra-red spectrum and 
the signals for olefinic protons in the nmr spectrum. 
.':.1 
35 
The alcohol (44) was oxidised with chromium trioxide in pyridine 
initially to the corresponding aldehyde which was further oxidised to 
acid
3l 
by adding a few drops of water to the oxidising mixture and 
leaving for an additional 24 hr. at room-temperature. The acid thus 
obtained was purified through sodium carbonate extract and was 
homogenous on tIc. The structure (45) was supported by the spectral 
-1 data, v l730-l700cm (br) 0 9.2 (br, exchangable with 020) and 
max 
accurate mass-measurements. 
36 
Part 2 MODEL. EXPERIMENTS INVOLVING AROMATIC RING CLEAVAGE 
The metal-ammonia reagent in the reduction of aromatic compounds 
to dihydroaromatic derivatives known as the Birch reduction is a 
powerful synthetic tool in organic chemistry. Thus, the dihydroanisole 
derivatives obtained from anisole derivatives were often utilised by 
conversion into ~,S-or S,y-unsaturated cyclohexenone derivatives, the 
product of acidic hydrolysis of the enol-ether function. Many important 
h ' b l' d b h ' h . d 32,33 34 synt eSlS have een rea lse y t lS way suc as sterol s, terpenes 
and alkaloids. 35 
The usefulness of dihydroanisole derivatives in providing an 
entry into aliFyclic chemistry from aromatic precursor is apparent 
from these examples. However, dihydroanisoles have been utilised in a 
36,37,38 , , 
number of ways that do not lnvolve hydrolysls of the enol-ether 
function. Birch et al. 36 in tropone synthesis have shown that dihalo-
carbenes react preferentially at the more electron-rich double bond 
of l-methoxy-cyclohexane-l,4-diene (47) to give the mono-adduct (49) 
in good yield. They have also reported37 in the steroid synthesis, the 
very rapi d reaction of 2, 5-dihydroani sole deri va-ti ve (47) with 
methanol in presence of , catalytic amount of p-toluenesulphonic acid, 
to form the ketal (50) in high yield. The greater susceptibility of 
the double bond at the enol-ether function in dihydroanisole (47) 
towards electrophilic attack was utilised by Corey et al. 38 in their 
juvenile harmone synthesis. Thus, a selective ozonolysis of 
dihydroanisole gave the cis-trisubstituted olefin (51). This represents 
a good example of the use of cyclic precursor to obtain an acyclic 
compound. 
As a part of our programme in the synthesis of prostaglandins we 
were also interested in opening aromatic ring of the type (46) . 
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The enol-ether function obtained by reduction could be protected as a 
ketal leaving th~ only double bond at a position where ring can be 
opened by oxidative fission. Reduction of the resulting carbonyls 
to the corresponding hydroxyls followed by acid hydrolysis will give 
a ketodiol in which the S-hydroxy carbonyl function may be dehydrated 
.. 39 . h Q d 1 f . speclflcally to glve t e ~,~-unsaturate carbony unctlon, a feature 
required in our prostaglandin synthesis. Alternatively the ketal diol 
can be dehydrated by direct (phosphorus oxychloride in pyridine) or 
indirect (tosylation and elimination) methods to give a mixture of 
dieneketals. On acid hydrolysis to generate the carbonyl the double 
bond in this vicinity could be expected to produce the ~,S-unsaturated 
ketone, by migration if necessary. The other less hindered double 
~ 
bond in this case can be preferentially hydrogenatede 
The expectations were examined in practice using 3,4-dimethylanisole 
and 6-methoxytetralin as model compounds. 
3,4-Dimethylanisole was obtained by methylating 3,4-dimethylphenol 
using dimethyl sulphate . The reduction of anisole (46, R = R' = CH 3) 
with lithium-ammonia reagent and t-butanol and tetrahydrofuran as 
co-solvent afforded dihydroanisole (47, R = R' = CH 3) b . p . 88-890/20_2lmm 
in 86% yield . The latter in turn was ketalised with ethylene glycol 
and ~-toluenesulphonic acid at room temperature to give the olefin 
ketal (S2) in 80.S% yield. Similarly, the dihydroanisole (47, R = R'= CH3 ) 
reacted with methano1 37 in presence of catalytic amount of 
p-toluenesulphonic acid at -100~ resulted into corresponding 
olefin ketal (SO, R = R'= CH 3). The infrared, nmr data and 
elemental analysis were in agreement with the assigned structure . 
The olefin ketal (S2) obtained without isomerisation during ketalisation 
was then ozonised in methanol at -700 and the ozonide on reduction with 
sodium borohydride 38 gave the acyclic ketal diol (S3), b.p. 1200 /2mm 
in 7S% yield. -1 It showed strong hydroxyl bands at 3400 and 1080 cm , 
38 
and ketal bands at 1080, 960 and 830 -1 cm The nmr data and elemental 
analysis were also in accordance with the assigned structure. 
The ketal diol was deketalised with E.-toluenesulphonic acid in acetone e 
The resulting keto diol (100) was treated with dicyclohexylcarbodiimide 
and catalytic amount of cupric cqloride in tetrahydrofuran, to dehydrate 
the S-hydroxy-ketone function 39 to give (101). Howeve~ the starting 
material was recovered. Further attempts to dehydrate the ketal diol 
by other methods such as iodine-acetic acid, potassium bisulphate and 
p-toluenesulphonic acid-calcium chloride40 in benzene gave either complex 
mixtures or the keto diol. Phosphorus oxychloride 41 dehydrated the ketal 
diol (53) in pyridine, but the major product obtained after subsequent 
deketalisation and chromatography showed the absence of hydroxyl 
and of the conjugated carbonyl bands in the infrared spectrum and of 
the olefinic proton signals in the nmr spectrum. Instead a carbonyl 
-1 band at 1705 cm and proton signals at lc5l and 1.53 ppm as doublets 
(J 6, HZ) were observed. These data suggested the probable 
formation of the ether (102). Such instances of cyclodehydration of 
diols are known in the literature. 42 
We then turned our attention to the available indirect methods of 
dehydration. We chose the method43 involving tosylation and dehydro-
tosylation for our purpose. Accordingly the ketal diol (53) was 
tosylated using p-toluenesulphonyl chloride and pyridine to give 
unstable ditosyl derivative (54) in 72% yield. It showed the 
tosyl bands at 1195 and 1180 cm- l in the infrared spectrum. The ditosyl 
derivative (54) thus obtained was immediately converted into a mixture 
of isomeric ketal ole fins (.55) by treating with potassium t-butoxide in 
dimethyl sulphoxide. 44 
The olefin-forming elimination may proceed by an E2 mechanism ~n 
which the C -H and C -x bonds break in a single step (fig . l). In the present S - 0: 
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case four structurally different olefins (eight stereoisomers) are 
possible. But according to Saytzeff's rule the more substituted of 
the possible is the more stable and this difference is reflected ~n 
the rate determining transition states. This is borne out in the 
present case where in the olefin mixture contained mainly a single 
compound (90%) as shown by glc (5% carbowax 20M at 100 0 , tRi 3 min.) 
and its nmr spectrum exhibited the two methyl signals as doublets at 
o 1.68 and 1.72, suggesting the structure (103) for the major olefin. 
The presence of infra-red absorption at 980 cm- l suggested the trans-
geometry for the double bond. 
At this stage, however, we decided to completely hydrogenate the 
olefin mixture to easily identify the cleavage product . Thus 
hydrogenation of 55 over 10% palladium on charcoal, followed by deketal-
isation gave 4-octanone (56) . The latter was characterised by comparison with 
~5 
an authentic sample (fig. 2) prepared by an unambiguous method using a 
reaction of butylmagnesium bromide and butyryl chloride in presence of 
cadmium chloride ~ We could also obtain 4-octanone from ditosyl 
derivative (54) by reduction with lithium aluminium hydride. 
By the same sequence of reactions 6-methoxytet~al~n was also 
converted into cyclodecanone. The identity of the latter was established 
by comparison with the reported46 infrared spectrum and through the 
semicarbazone derivative. 
l °81J 
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Part 3 dl-ll-DESOXY-13,14-DIHYDRO-PGF 1cr and FIS 
The experiments on the model compounds have suggested the 
feasibility of our plan for constructing the side-chains in the 
prostaglandin molecule. 
It is also evident that the chief weakness of the approach is that 
opening of the aromatic ring requires either the absence of unsaturation 
elsewhere or else the specific oxidation of a tetra-substituted ring 
double bond against a disubstituted chain double bond. This may be 
difficult . However the approach could lead directly to the ll-desoxy-F l 
series by elaboration of the carboxyl terminated chain, hydrogenation to 
remove unsaturation or to the ll-desoxY-F~ series by opening the aromati c 
ring first, addition of the F2 (carboxyl terminated) side-chain 
afterwards. We report here the successful accomplishmen t of the former 
type of conversion to give the title compound. 
o-Ethylacetophenone was prepared according to the procedure of 
Riemschneider and Kassaln47 starting with phthalic anhydride and 
malonic acid. This in turn was converted into the required 2-ethyl-
5-methoxyacetophenone (68D)in 95% purity by glc, using a sequence of 
. . l ' . . 48 d . 49 d ' . . 49 d reactlons lnvo vlng nltratlon, re uctlon, lazotlsatlon an 
. 51 
methylatlon . Another efficient synthesis of this acetophenone (68D) was 
achieved recently in this laboratory.* 
The acetophenone (68D)on condensation with freshly distilled 
furfural, according to the procedure of Martin and Robinson 20 gave the 
furfurylidene derivative in only 60% yield. However, by slight 
modification such as increasing the concentration of sodium methoxide 
in methanol to 1.5% and carrying out the reaction at 50-550 for 3 hr., 
the furfurylidene derivative (69) was obtained in 92% yield, b.p. 
* K. Keogh, Personal Communication. 
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l55-l56o /0.05mm, v 
max 
1660, 1640, 1620, 1600, 1570 and 1550 -1 cm ; 
41 
A 320 nm (E 24,780). The nmr spectrum showed the presence of ethyl 
max 
protons at 0 1.18 (triplet) and 2.68 (quartet), methoxy protons at 
o 3.78, two protons of furan at 0 6.45 and 6.62 and the remaining 
furan proton along with the three aromatic protons and two olefinic 
protons at 0 6.85 - 7.75 (multiplet). The analytical data and the 
above structural properties were in good agreement with the structur e 
(69) for the furfurylidine derivative. 
The cleavage of the furfury~id~ne derivative (69) using hydrochloric 
acid in ethanol (first step), followed by hydrolysis with acetic acid-
water-hydrochloric acid (second step) by the method of Robinson 21 gave 
a mixture of diketo acid (72) and furan acid (73) only in 25-30% yield . 
Increasing the amount of hydrochloric acid resulted in the formation 
of polymeric products to a considerable extent . In view of the low 
yield of diketo acid (72) by the original procedure it was necessary 
to investigate further to optimise the conditions. 
A priori, the conjugated enone function which i s an electron-
withdrawing group in the furfurylid ~ne derivative (69), lowers the 
electron density in the ring and thereby confers, on the nucleus, a 
considerable degree of acid-stability. Yet, the furan derivative (69 ) 
was hydrolytically cleaved. It would therefore appear that some 
initial reaction seemed to prepare the way for the observed result (fig . 3A). 
It is likely that this preliminary step might involve the addition of 
hydrogen chloride, alcohol or water to the double bond in the side 
chain to give an intermediate (69B). Such additions are known in t he 
literatur 52,53 e . 
As postulated by Leger and Hibbert,54 the intermediate (69B), by 
way of 1,4-type addition of water to the furan nucleus (69C ) followed 
by elimination of hydrogen chloride, alcohol or water depending upon 
42 
the ini tial addition to the compound ('69) , might give the intermediate 
(69 D) . The transformation of 69D via prototropic rearrangement 
(~, E and ~, S) to (69E) followed by hydrolysis would give 1,4-diketo 
acid (69F). This might undergo cyclisation with loss of water to form 
disubstituted furan acid (69G). Hence it is likely that in hot aqueous 
acidic medium the compounds (72) and (73) are in equilibrim, the 
relative proportions varying with the experimental conditions. 
In view of the existing equilibri'umbetween (72) and (73), the 
presence of large amounts of water in the second step may favour the 
predominance of the required diketo ester (70) or acid (72). As the 
hydrolysis could not be carr~ed out in a medium containing too much 
water, due to solubility problems, this concept could be tried only 
after hydrolysing the ester function. Accordingly, the pure furan ester 
(71) was heated under reflux in a mixture of acetic acid, hydrochloric 
acid and water as before for 3 hr. and then the reaction mixture was 
diluted with large amounts of water and heated for 20 hrs . The hot 
aqueous solution on filtration and extraction gave mainly the required 
diketo acid (72). In addition to the concept discussed above, the 
higher solubility of the diketo acid (72) compared to furan acid (73) 
facilitated the conversion to the former as well as its separation . 
By applying the above principle, the furfurylidine derivative (69) 
was cleaved and the resulting mixture of esters hydrolysed as usual, 
and at this the reaction mixture was diluted with large amounts of 
water and heated under reflux for a further period of 20 hrs. The 
clear aqueous solution was decanted and extracted to give mainly the 
diketo acid (72) along with a small amount of the furan acid (73), while 
the insoluble material presumably containing the unchanged furfurylidine 
derivative (69) and furan acid (73) was recycled till very little acid 
was obtained. By this process the yield of the diketo acid (72) could 
be increased to about 60%. 
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The analytical sample of the diketo acid (72) obtained by 
crystallisation had m.p. 81-820 , v 1720 (carbonyl), 1705 (acid), 
max 
-1 
and 1690 cm (~,S-conjugated carbonyl); A 244 and 304 nm 
max 
(s 6,090 and 2,170). The nmr spectrum and the elemental analysis were 
In good agreement with the structure (72) for the diketo acid. 
The crude diketo acid (72) obtained above was used as such for 
base-catalysed cyclisation following the procedure of Robinson22 with 
slight modification. The product-mixture of 73 and 74 thus obtained was 
esterified directly with 5% ethanolic sulphuric acid. Chromatography of 
the resulting mixture furnished the furan ester (71) and the cyclopentenone 
ester (75). The former ester was recycled to obtain more of the diketo 
acid (72) and the latter was saponified to the required acid (74), m.p. 
132-1330 ; v 1700-1690 (br) 
max 
and 1640 cm- l indicated the presence of 
carboxyl and cyclopentenone groups. The nmr signal at 0 3.12 was due 
to the two protons next to carboxyl group. These spectral data coupled 
with the elemental analysis supported the structure (74). 
The cyclopentenone acid (74) when hydrogenated over 10% palladium 
on charcoal under alkaline conditions at 3.5 atmospheres afforded the 
saturated acid (78), quantitatively. As already discussed, the alkaline 
d ·· 23,24 d ' h d . . h f . f h con ltlons urlng y rogenatlon permlts t e ormatlon 0 t e 
thermodynamically stable trans-acid. The accurate mass-measurements led 
to the molecular formula C16H2004' The infra-red band at 1735-1710 
indicated the presence of cyclopentanone and acid groups. The nmr 
- 1 
cm 
spectrum showed the benzylic proton at 0 3.5 . These data were consistent 
with the structure (78). 
Attempts to obtain the same acid by lithium-ammonia reduc tion In 
the absence of a proton donor like alcohol and by quenching the reaction 
mixture with ammonium chloride, furnished a mixture of mainly three 
compounds in about 1:1:1 ratio. This was esterified with 5% methanolic 
...... 
I 
I 
I 
44 
sulphuric acid. ' The resulting products were separated QY chromatQgraphy. 
One of them was found to be the required ester (79) by comparison with 
that obtained from the pure acid (78) (see later). The other two were 
presumably the lactone (97) and the hydroxy ester (98) as indicated by 
their infra-red absorptions due to the lactone group, 1770 cm-l and 
-1 hydroxy ester groups, 3400, 1725 cm . 
The saturated keto acid (78), - obtained from hydrogenation of 74, 
was esterified by using 5% methanolic sulphuric acid and the resulting 
ester (79), b.p. 160-16So /0.06mm, showed strong infra-red absorption at 
-1 1735-1725 cm suggesting the presence of cyclopentanone and ester 
groups. The nmr signal at 8 3.52 further supported the presence of a 
carbomethoxy group. The elemental analysis of the keto ester and its 
2,4-dinitrophenylhydr~one derivative agreed well with the assigned 
structure (79). 
The keto-ester (79) was ketalised with ethylene glycol and p-
toluenesulphonic acid to give the ketal ester (80) . The presence of 
the ketal function was shown by the characteristic infra-red absorption 
-1 
at 1160 and 950 cm and from the nmr signals at 8 3.94 . The mass-
measurements supported the structural formula as C1 H 05. . 9 26 
The ketal ester (80) was converted to the ketal alcohol (81) by 
reduction with lithium aluminium hydride. The infra-red absorptions 
at 3400 and 1150, 950 cm- l indicated the presence of hydroxyl and ketal 
groups, respectively. This was further confirmed by the nmr signals 
at 8 4.0 and 3.42 due to ketal and two carbinol protons. The ketal 
alcohol (81) was used immediately since the above characteristic data 
for the ketal function were absent when the ketal-alcohol (81) was 
kept for several days at room-temperature. It might have isomerised 
presumably to (77) as shown by multiplet signals at 8 4 . 0 due to 
ethylened! ox-:j protons. 
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The ketal-alcohol (81) obtained as above was immediately oxidised 
to the corresponding ketal aldehyde (82) in 83% yield by using modified 
Collins' reagent. 25 It showed infra-red bands at 2720 and 1715 cm- l 
-1 (aldehyde) 1155 and 950 cm (ketal). The functional groups were 
further confirmed by nmr spe'ctrum. The mass-measurement suggested the 
molecular formula as c18H2404. These data were in good agreement with 
the assigned structure (82). 
The ketal aldehyde (82) thus obtained was condensed with the ylid 
obtained from the phosphonium salt(42) using butyl lithium in ether,27 
to furnish the required olefin alcohol (83), v 3360 (br) and 1050 
max 
-1 -1 
cm (hydroxyl), 1730 (cyclopentanone) and 975 cm (trans disubstitued 
double hDnd). The nmr spectrum showed the olefinic signals 0 5.35 as 
multiplet. The mass-measurements confirmed the molecular formula as 
C21H3003· 
The cis-olefin alcohol could ' also be ' obtained us i ng the "salt free" 
Wittig procedure. This type ' of configuration at the same position is present 
in PG2 series. It is regrettable in this event that hydrogenation is 
necessary. 
At this stage, we considered an alternative route, involving the 
use of furan ester (71) via its aldehyde to elaborate the side-chain, 
due to the following reasons: (i) the furan-ester (71) could be 
obtained in quantitative yield by esterifying the mixture of the 
diketo acid (72) and furan acid (73), obtained by acid hydrolytic 
cleavage of the furfurylidine derivative (69). 
(ii) The Wittig product can be used for the acid hydrolytic cleavage 
as the optimum conditions to obtain the 1,4-diketo acid has been 
established. 
(iii) It avoids the reaction sequences involving the protection of 
carbonyl function. 
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The furan ester (71) was accordingly reduced to the alcohol (86) 
with lithium aluminium hydride, v 3400 (hydroxyl), 1575, 1540 
max 
(disubstituted furan). The nmr data coupled with molecular formula 
C16H2003 as obtained frommass~measurements,established the structure 
as (86). 
oxidation of the above alcohol (86) with modified Collins' 
reagent,25 however gave a mixture of products, the infra-red spectrum 
of which showed the presence of aldehyde bands at 2715, 1720, but an 
additional band at 1680 cm- l indicated the ~,S-unsaturated carbonyl 
function. The nmr spectrum: of the product mixture exhibited only weak 
signals due to the furan protons suggesting the cleavage of the furan 
ring under oxidation conditions. The possible product of such oxidation 
is the enedione (99) which cannot be used for the next step, involving 
Wittig reaction as it might give a complex mixture of products due to 
the presence of additional carbonyl groups. 
In view of the above disadvantage we continued our work by the 
original route. However, this oxidative cleavage was further studied 
in detail by using different 2,5-disubstituted furans (see Chapter 3). 
An additional advantage of the latter is that the required 1,4-diketones 
(72) can be obtained in good yield. 
The olefin alcohol (83) obtained from the Wittig reaction was 
hydrogenated over 10% palladium on charcoal, to give the saturated 
alcohol (84). The product obtained was confirmed as (84) from the 
absence of olefinic protons in the nmr spectrum, the trans double bond 
in the infra-red spectrum and from the mass-measurements which 
corresponded to C21H3203. This step of saturation of the double bond 
was essential as in one of the later reactions ozonolysis was employed 
to open the cyclohexene ring. 
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The saturated alcohol (84) thus obtained was converted to the 
corresponding keto acid (85) by chromium trioxide-pyridine followed by 
addition of a few drops of water31 at the later stage of the reaction . 
The keto acid (85) was freed from neutral material by extraction with 
5% aqueous sodium carbonate and acidification. The infra-red 
spectrum showed typical carboxyl absorptions between 3400-2500 and 
-1 -1 
at 1705 cm I and cyclopentanone absorption at 1735 cm • The nmr signal 
at 8 10.0 accounted for the carboxyl proton which was D20 exchangeable 
These data and accurate mass-measurements agreed for the assigned 
structure (85). 
The keto acid (85) was converted to the ketal-ester (88) by the 
usual procedure. The ketal-ester (88) -1 (v 3400, 1730 and 950 cm ) 
max 
obtained was saponified with 2N methanolic potassium hydroxide at 
room temperature. The ketal acid (89) was obtained by carefully 
acidifying the reaction mixture to PH 4-5 as at lower PH the ketal is 
-1 hydrolysed. The product thus obtained showed 1700 and 950 cm bands 
in the infra-red spectrum due to the carboxyl and ketal groups . These 
groups were further confirmed from nmr data. 
The above ketal acid was reduced with lithium-ammonia using 
t-butanol as proton donor and tetrahydrofuran as cosolvent, by employing 
the technique of reverse addition i.e. by adding ketal acid in 
t-butanol and tetrahydrofuran to a solution of lithium in liquid ammonia . 
The usual technique of adding alkali-metal led to a rather complex 
. t f d t ' "1 d ' 55 m~x ure 0 pro uc s ~n s~m~ ar re uct~on. The dihydroanisole thus 
obtained on hydrolysing with saturated solution of oxalic acid gave 
S,y-unsaturated ketone (90). The latter structure was confirmed from 
the ketal signals at 0 3.9 and absence of olefinic signals in the nmr 
spectrum. Similar reactions using mild acids such as oxalic are 
known to yield S,y-unsaturated ketones, from dihydroanisoles; whereas 
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strong acids such as hydrochloric acid lead to ~,S-unsaturated ketones. 32 
It is · also known in some cases, due to steric reasons, that the 
S,y-isomer is more stable than the ~,S-isomer. This is particularly true 
of 4- or 3,4-substituted ketones. 
The S,y-unsaturated acid (90) was used for ketalisation as such 
and the diketal ester (91) thus obtained without isomerisation during 
ketalisation "was ozonised at _70 0 in methanol and the ozonide was 
reduced with sodium borohydride and left overnight at room temperature. 
Care was exercised during the work up as before to preserve the ketal 
function. Under the conditions of the borohydride reduction the ester 
function was found to be hydrolysed. The crude diol (92) thus obtained 
was tosylated with p-toluenesulphonyl chloride and pyridine. The crude 
ditosyl derivative ·(93), V 1190 and 1180 cm- l (tosyl bands) was 
max 
44 
dehydrotosylated in the presence of potassium t-butoxide and dime~hyl 
sulphoxide, to give a mixture of isomeric olefins. (94) 
It is difficult to predict the nature of olefins formed from the 
above elimination reaction. The reaction may most probably follow E2 
mechanism in which the relative stabilities of the olefin products are 
reflected in the transition states. In addition the acidities of the 
protons involved in the elimination may also contribute to some extent 
in deciding the nature of the products. As the differences in the 
stabilities of the possible olefins as well as the differences in the 
acidities of the protons involved are rather small the formation of a 
complex olefin mixture is more likely. This was actually borne out in 
practice. 
The selective hydrogenation of the double bond mixtures near the 
end of the chain might well be possible because of steric hindrance 
at the double bonds near the ketal and the ring. That a mixture may 
be present there is probably not important, since it is likely that the 
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more stable ~,S-unsaturated ketone mixture might help to stabilise this 
double bond to hydrogenation (fig. 3). 
Reduction of the ~,S-unsaturated ketone to the alcohol is a type 
of reaction already extensively investigated by Corey et al . 12 
The position of the side-chain double bond near the terminus and 
their stereochemistry both of which might be controlable by reagents 
and conditions, are also desirably investigated, since there is some 
possibility of obtaining compounds with the double bond there in the 
position found in the PG 3 series. The nmr spectrum shows the presence 
of some - CH = CH - CH 2 - CH 3 with certainty, but the proportion cannot 
be ascertained by spectra alone. Oxidative fission and estimation of 
CH 3-CHO and CH3-CH2-CHO is probably the best way to clear up the pos i tion-
isomerism question in this region. 
At this stage we decided to completely hydrogenate the olefin 
mixture and proceed further to accomplish the synthesis of the title 
compound. 
Hence the olefin-mixture on hydrogenation over 10% palladium 
on charcoal followed by deketalisation gave the required diketo acid. 
This was esterified and chromatographed. The pure diketo ester thus 
obtained was proved to be identical with that prepared from an authentic 
sample* of dl-ll-desoxy-13,14-dihydro-lS-dehydro PGE I by comparison of 
their infra-red spectra (see fig. 4) and the main mass fragments in 
mass spectra and R~ values on tIc. 
The conversion of the aforementioned diketo acid (9SA) to dl - ll-
desoxy-13,14-dihydro-PGFl~ andF~ has already been reported in the 
. 83 87 ll.terature. ' 
Unfortunately, the lack of time and material prevented any 
further progress in standardising the elimination conditions to obtain 
other prostaglandin analogues. 
* The author is very much thankful to Dr J.F. Bagli 
Ayerst Research laboratories Canada, for a gift of 
the sample for comparison purpose . 
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Part - 4 EXPERIMENTAL 
General Details: 
Melting points were determined on a Kofler block and are 
uncorrected. Boiling points are uncorrected. Infra-red spectra were 
recorded on a Perkin-Elmer 257 instrument as liquid films unless other-
wise stated and ultraviolet spectra were measured on a Unicam SP800 
spectrophotometer. Proton magnetic resonance spectra were recorded 
in deuterochloroform solution on a Varian Associates HA-IOO spectro-
meter. Signals are reported in the order of chemical shift (8 scale) 
in ppm from tetramethylsilane, multiplicity, coupling constant in Hz . 
and assignment, with the aid of the following abbreviations: s, singlet; 
d, doublet; t, triplet; q, quartet; m, multiplet; br, broad. Mass 
t 
spectra were measured on an AEI MS902 instrument. Glc was carried out 
on a Varian Aerograph. 202-IC gas chromatograph with 5'xO.25" I . Do 
stainless steel columns. Microanalysc,.s were performed by the analytical 
service of the Australian National University. 
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3-Methoxyacetophenone (29) 
3-Hydroxyacetophenone (136.0 g) was dissolved in Sodium hydroxide 
(44.0 g in 400 ml water) and dimethyl sulphate was added to it dropwise 
during 1 hr with stirring at ca 10°. The mixture was heated at reflux 
for 2 hr while being stirred and cooled. The oily layer was separated 
by extraction with ether and ether extract washed with water and brine 
and dried (MgS04 ). On removal of the solvent the residue left was 
distilled at 97°/2 mm to yield the methyl ether (29) (105 g) (lit~6 
99°/4 mm); \)max -1 1680, 1595 and 1580 cm ; 0: 2.56 (s, 3H, -CO-CH3 ) 3.81 
(s, 3H, -OCH3), 7.0 - 7.5 (s, 4H Ar-H). 
Furfurylidene-3-methoxyacetophenone. (30) 
Following the procedure of Martin and Robinson,20 3-methoxy-
acetophenone (23.4 g) was condensed with freshly distilled furfural 
(17.1 g) in 1% methanolic sodium methoxide (60 ml) to give the 
furfurylid~ne derivative (30) as a light yellow oil (31.5 g, 88.5%), b.p . 
169-170%.4 mm (lit~O b.p. 185%.6 mm), which solidified later, m.p . 
° . 20 ° 38 (ll.t. m.p. 38.5 - 39.5 ); \) 1660, 1595-1575 (br) , and 1550 
max 
-1 , 
cm ~ It 341 nm (s 26,230); 0: 3.86 (s, 3H, -OCH 3 ), 6.47 (dd, , max - J 3.5, 
2, 1H),6.69 (d, J 3.5, IH), 7-·0- 7.7 (m, 7H) Found: C, 73.7; H.5.2; 
calculated for C14H1203: C, 73.7; H, 5.3%}. 
4,7-Diketo-7(3'-methoxyphenyl)heptoic acid (31) 
The furfurylid~ne derivative (3D) (10.0 g) was cleaved, following ~he 
21 
procedure of Robinson. using ethanol (100 ml) and conca hydrochloric 
acid (25 ml) followed by acid hydrolysis with conc~hydrochloric acid 
(50 ml), acetic acid (50 ml) and water (100 ml), to give the crude 
diketo acid (31) (7.1 g 61%) m.p. 82-84°. Crystallisation from 
. ° (1 ' 20 chloroform furnl.shed the pure product as needles m.p . 88-89 l.t . 
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o 87-88 ); \) (mull) 1685, 1700 (sh), and 1615 
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-1, A 
cm , max 
52 
249 nm 
(s 9,040);0: 2.58 - 2.76 (m, 2H), 2.87 (t, J 7, 4H),3.30 (t, J 6, 2H), 
3.84 (s, 3H, OCH 3), 7.0 - 7.6 (m, 4H, ArH), 9 .2 (br, lH, COOH) (Found: 
C, 63.8; H, 6.4· calculated for C14H16oS C, 63.6; H, 6.1%). 
3-(3'-Methoxyphenyl)cyclopent-2-ene-l-one-2-acetic acid (32) 
The diketo acid (31) (5.0 g) was cyclised by using aq c potassium 
hydroxide (10.0 gin. 500 ml), a s described by Robinson,22 to yield 
the arylcyclopentenone (32) (4.5 g, 96.5%) as an oil which crystallised 
slowly. The analytical sample had m.p. 103 - 103.50 (lit~O 100-1010 ); 
-1 \) (mull) 1760 (w), 1730, 1670 and 1630 cm ; A 275 nm (s 19,200); 
max max 
0: 2.5 - 2. 7 (m, 2H), 2.98 (br t. 2H), 3 . 43 (s, 2H, -CH
2 
-COOH), 3.83 
(s, 3H, -OCH 3), 6.9 - 7.5 (m ., 4H ArH), 9.7 (br, lH, -COOH); (Found: C, 
68.3; H, 5.6; calculated for C14H140i C, 68.3; H, 5.7%). 
The ethyl ester (33) was prepared by using ethanolic sUlphuric 
o -1 
acid (5%); b.p. 183-85 /0.4 mm; \) 1725, 1690, and 1620 cm , 0: l c24 
max 
(t, J 7, 3H, -O-CH2-CH3 ), 2.6 (2H), 3.0 (2H), 3.42 (s, 2H), 3.82 
(s, 3H, OCH 3), 4.14 (q, J 7, -O-CH 2-CH-3)' 6.95 - 7.50 (m, 4H, ArH ); 
mle 274 (parent ion). 
trans-3-(3'-Methoxyphenyl)cyclopentane-l-one~2-acetic acid and the 
ethyl ester (34), (35) 
The cyclopentenone acid (32) (3.5 g) was dissolved in potassium 
hydroxide (1.0 g in 25 ml water) was hydrogenated over palladium on 
1.0 g 
charcoal (10%'1) at 3 . 5 atm. for 48 hr. The reaction mixture was 
filtered, acidified and extracted with ethyl acetate. The extract aft er 
usual work-up gave trans 3-(3'-methoxyphenyl)cyclopentane-l-one-2-
acetic acid (34) quantitatively as an oil; \) 1730 - 1725 (br); 
max 
....I11III 
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0: 1 . 80 - 2. 7 0 ( m, 7 H), 3. 12 ( m I IH Ar. CH -), 3. 82 (s, 3 H, OCH 3)' 6. 7 - 7 • 4 
(m, 4H Ar.H), 9.2 (br, IH, -COOH) (Found: C, 67.45; H, 6.3; C14H1604 
requires: C, 67.8; H, 6.5%). 
Ethyl trans-3-(3'-methoxyphenyl)cyclopentane-l-one-2-acetate (35) 
The acid (34) (3.0 g) was refluxed with ethanolic sulphuric acid 
(5%,100 ml). On usual work up gave ethyl trans-3-(3'methoxyphenyl) 
cyclopentane-l-one-2-acetate (35), b.p. 186 - 188/0.5 mm; v 
max 
-1 1735 - 1725, 1600, 1585, 1190 and 1045 qm ; 0: 1.18 (~, J 7, 3H, 
-OCH 2-CH3 ), 1.6 - 2.7 (m, 8H), 3.80 (s, 3H, OCH 3 ) , 3.98 (q, J 7, 2H, 
-O-CH 2-CH3), 6.6 - 7.4 (m, 4H, ArH) (Found: C, 69.1; H, 7.2. 
C16H2004 requires: C, 69.5; H, 7.3%). 
Ethyl. trans-3(3'-methoxyphenyl)-cyclopentane-l,1-ethylenedioxy-2-
a.cetate (36) 
The ethyl ester (35) (2.5 g) was heated at reflux with ethylene 
glycol (2.5 ml) and £-toluenesulphonic acid (0.12 g) in benzene (70 ml) 
for 20 hr while the water formed was separated azeotropically using 
Dean-Stark water-separator. The cooled solution was washed with aq . 
sodium bicarbonate (5%), water, and brine and dried (Na2S04 ). After 
removal of the solvent the residue left was distilled at 194 - 195 0 / 
0.6 rom to give ethyl trans-3(3'-methoxyphenyl)-1,.1-ethylenedioxycyclopentane-
2-acetate (36) (2.45 g, 84.5%); v 1735, 1600, 1580, 1160, 1040 and 950 
max 
-1 
cm ; 0: 1.12 (t, J 7, 3H, -OCH 2-CH3 ) 1.6 - 2.9 (m, 8H), 3.78 (s, 3H, 
-OCH 3 ), 3.8 - 4.1 (m, 6H), 6.6 - 7.4 (m, 4H, ArH); m/e 320 (parent ion) 
(Found- C, 67.7; H, 7.4; C H 0 requires: C, 67.5; H, 7.55%). 
- 18 24 5 
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trans-3-(31Methoxyphenyl)-1,1-ethylenedioxy -cyclopentane-2-ethanol (37) 
The ketal ester (36) (2.3 g) in ether (10 mli was added to a 
slurry of lithium alum.1nium hydride (1.0 g) In ether (150 ml) at room 
temperature and the mixture refluxed for 4 hr. The excess hydride was 
decomposed w.1th saturated aq. sodlum sulphate. The ether solution was 
filtered, washed with water, and brine cind dried (Na
2
So
4
) After 
removal of the solvent trans-3-(3'-methoxyphenyl)-1,1-ethylenedioxy-
cyclopentane-2-ethanol (37) was obtained as an 01.1 (2~1 g, 97%); 
v 3400 (br) , 1600, 1580, 1050 and 950 max . 
-1 
cm ! 8: 1.4 - 205 (m, H) 
2 . 26 (br Sl IH, -CH20 H), 2,,8 (m, IH), 3.35 - 3.65 (rn t 2H, ~CH2-0H), 
3.78 (s, 3H j -OCH3 ), 3.98 em, 4H,O-CH Q-CH2-O-) f 6.6 - 7.4 (m, 4H, ArH) e 
(Found: M ,278.1519, C16H2204 requires: M , 27801518) 
trans-3-(3'-Methoxyphenyl)-1,1-ethylenedioxy cyclopentane-2-
acetaldehyde (38) ~ 
25 Following the modlfled Colllns' oxidatlon procedure the ketal 
alcohol (37) (1.4 g) was oXidised with chromium trioxide (3.0 g) and 
pyridine (4.7 g) 1.n methylene chloride (75 ml) to obtain t!ans-3-
(3'-methoxypheny1)-1,1-ethylened.1oxycyclopentane-2-acetaldehyde (38) 
o (1.1 g, 79%), b .p. 170 - 172 /0.3 mm; v 2715,1715,1600,1580,1040 
max 
and 950 -1 em ; 6: 1 Q 7 - 2. 9 (m, 8 H), 3. 82 (s, 3 H 
-OCH3 ), 3.9 (s, 4H, 
-0-CH2-CH2-O-), 6.7 - 7.4 lm, 4H, ArH), 9.0 (t, J 3, IH,CHO). 
mle 276 (parent ion). (Found: C, 69 .6 ; H, 7.4; C16H2004 requires: C, 69.5; 
HR 7,,3%). 
Attempted Witti Reactl0n 
The ketal aldehyde (38) (0.2 g ) was added to a solution of 
phosphorane prepared from the phosphonium salt (4~) and SOdlum hydride, 
26 
according to the procedure of Corey et alo 
unchanged aldehyde (38) was recoveyed. 
After usual work up, the 
5-Bromopentyl acetate (39) 
A mixture of acetyl brom~de (123.0 g) and tetrahydropyran28 
was refluxed for 24 hr . , poured into cold water, and extracted with 
ether . The organ~c layer was washed with water and brine and dried 
(MgS04). On removal of the solvent the residue left was distilled 
at 116 - 1180 118 rom to give the bromo acetate (39 ) (188 . 5 g, 90% 
, 28 0 -1 (l~t. b.p. 98 - 99 ;10 rom); v 1730 and 1240 cm ; 0: 1.4 - 2 . 0 
max 
(m, 6H, CH 2 ) , 2 . 04 (s, 3H, 0-CO-CH 3), 3 . 4 (t, J 6 p 2H, - CH 2Br) , 
4 • 08 ( t , J 6, 2H -CH -O-CO-CH ). 
-2 3 
5-Bromopentane-l-ol (40) 
55 
5-Bromopentany1 acetate (83.6 g) was shaken w~th ethanol (200 
ml) and 2N aq Q sodium hydroxide 29 (240 ml) unt~l the m~xture became 
homogenous, and left for 48 hr . at room temperature ~ Ethanol was 
removed under reduced pressure and the residue extracted with ether . 
The ether extract was washed with brine, dried (MgS0 4 ) and evaporated . 
The residue on d~stillat~on yielded the bromo alcohol (40) (56.5 g, 
o 85%) b GP Q 83 - 84 1205 mm Q 29 0 (lit . b.ps 75 - 76 10 . 5 rom); v 3320 
max 
-1 (br) and 1050 cm ; 6: 1 .4 - 2 . 1 (m, 6H), 2.3 (s, lH, exchangeable with 
D20, -CH 2-OH), 3 . 42 (t, J 6, 2H, -CH 2-Br),3.64 (t, J 7, 2H, -CH 2-OH). 
5-Tetrahydropyranyloxypentyl bromide ( 41 ) 
Dihydropyran30 (28.0 g ) was added to 5-bromopentane-l-01 (50 . 1 g ) , 
containing conc-hydrochloric ac~d (2-3 drops at ca 200 ,1 . After 
3 hr. at room temperature, the mixture was taken in ether and 
washed successively with 8% aq. sod~um hydroxide, water and brine and 
dr~ed (Na2S04 ) . Removal of the solvent and distillation of the 
residue at 81 - 820 /0 . 1 rom gave 5-tetrahydr~ranyloxypentyl brom~de (41 ) 
(60.0 g, 79%) , 29 -(l~t. b . p . 84/0.4~; v 
max 
1135 -1 1120, 1035 and 1025 cm ; 
0: 1.45 - 2 . 1 (m, 12H) 3c2 - 3 . 55 (m, 4H - O-CH 2 - and Br-CH2 ) ' 3~55 -
3 . 95 (m, 2H -CH 2-O-), 4 057 (br~ t, IH, -O-CH-O- ) ® 
r 
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5-Tetrahydropyranyloxytriphenylphosphonium bromide (42) 
A mixture of tripht enylphosphine (30.5 g) and the bromo compound 
(41) (25.3 g) was heated at ca 1100 for 48 hr. The mixture was then 
dissolved in hot acetone and precipitated with ether as semi solid which 
on scratching with spatula crystallised to yield the above phosphonium 
o 
salt (42) (45.0 g; 88%)mp. 166 - 168 (decomp .) . 
trans .... 2-(7'-Hydroxy-2 Ltrans-heptenyl)-3-(3'-methoxyphenyl)cyclopentanone (43) 
The finely powdered phosphonium salt (44) (le2 g) was added during 
0.25 hr. to a stirred solution of butyl lithium27 (1.5 ml, 2.1 M in 
n-hexane) in ether (40 ml) under nitrogen. After 0.25 hr ., the ketal 
aldehyde (38) (0.25 g) in ether (10 ml) was added during 0025 h re The 
mixture was refluxed for 4 hr., cooled and treated with methanol (12 ml) 
and sulphuric acid (10%,12 ml). The ether phase was separated and 
evaporated. The residue was treated with a mixture of 0 .2 N aq . sulphuri c 
acid (9 ml) and methanol (30 ml) and left at room temperature for 15 hr. 
Methanol was removed under suction and the residue was extracted with 
ether. Ether extract was washed w~ th water and brlne and drled (H,gs0 4)' 
After removal of the solvent the residue left was chromatographed on 
alumina (neutral, grade II) and the material obtained on elution with 
light petroleum (60 - 800 ) - benzene (1:1) furnished the above 
hydroxyolefin (43) as an oil (0.2 g) i v 3400, 1730, 1600, 1580, 
.... max 
-1 1050 and 980 cm ; 8: 1.2 - 2.6 (m, 13 H), 2.36 (br s, IH, exchangeable 
with D20, -CH2-OH), 3.05 (br, lH -CH-Ar), 3.56 (t, J 7, 2H, ~CH2-0H) I 
3.80 (s, 3H f OCH 3), 5.1 - 5.5 (m, 2H, -CH=CH-), 6.70 - 7.35 (m. 4H, 
ArH) , (Found: M , 302.1877; C19H2603 requires: M , 302e1882). 
f: 
\1 
In 
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trans 2-(7'-Hydroxyheptyl)-3-(3'-methoxyphenyl)cyc1opentanone (44) 
The above hydroxy olefin (43) (0 . 18 g) was hydrogenated in ethanol 
(10 ml) over 10% palladium on charcoal (50 mg ) . Usual work-up gave the 
saturated hydroxy compound (44) in quantitative yield, as an oil. 
3400 -1 , 1730, 1600, 1580 and 1050 cm ; 8: 1.15 - 2 . 60 (m, 18H) , 
v 
max 
2.97 (m, IH, -CH-Ar), 3.58 (t, J 6, 2H, -CH 20H), 3082 (s, 3H, -OCH 3) , 
6.7 - 7.35 (m, 4H, ArH) , (Found: M , 304.2035, C19H2803 requires, M , 
304.2038) • 
trans-2-(6'-Carboxyhexyl)-3-(3'-methoxyphenyl)cyclopentanone (45) 
The hydroxy compound (44) (0.16 g) was oxidised with chromium 
trioxide (0.5 g) in pyridine (5 ml). The reaction mixture was left at 
rbom tempera.ture for 24 hr.then with a few drops of water for 48 hr . The 
reaction mixture was poured into cold water and extracted with ethylacetate 0 
The acid component was separated by extracting with aqQ sodium 
carbonate (5%) . The carbonate extract on acidification and extraction 
with ethyl acetate gave the above keto acid (45) (0.11 g), as an oil, 
homogenous by tIc., v 1730 - 1700 (br) cm- l , addition of a drop of 
max 
morpholine shifted the carboxyl band to lower frequency while the band 
-1 due to cyclopentanone carbonyl is clearly seen at 1735 cm ; 8: 1.1 -
2.7 (m, 17H), 2 . 93 (m, -CH-Ar), 3 . 8 (s, 3H, OCH2), 6.7 - 7.35 (m, 
4H, ArH) ,9.2 (br s, IH, exchangeable with D20, -COOH) (Found M , 318 m1831; 
C19H2604 requires: M , 318.1834). 
~i 
58 
3,4-Dimethylanisole (46, R=R'=CH3) 
Dimethyl sulphate (50.5 g) was added dropwlse wlth stirring to a 
solution of 3,4-dimethylpheno1 (48$8 g) in sodium hydroxlde (18 cO g in 
225 ml water) at 100 and then heated at reflux for 2 hr. The cooled 
reaction mixture was extracted with ether and the extract washed with 
water and brine and dried (MgS04). Solvent removal followed by 
distillation of the residue at 203-2040 (lit. 57 b . p.204-2050 ) gave the 
ether (46, R=R!::CH 3) (4502 g, 80%), V 1610, 1580, 1500, 1260, 1055 
max 
and 805 em -1 ; 0: 2 .. 17 (s I 3H, Ar _ CH3)., 2.21 (s,3H, Ar _ CH 3), 3 . 73 
(s, 3H, -OCH 3)' 6 85 - 7. 1 (m, 3 H, ArH). 
3,4-Dimethyl-l-methoxycyclohexa-1,4-diene (47, R=R'=CH 3) 
A solution of 3 f 4- dimethylaniso1e (40 . 8 g) in a mixture of 
tetrahydrofuran (150 ml) and t-butanol (150 ml) was added to distilled 
liquid ammonia (450 ml). Lithium (14.7 g) was added to the mixture 
with stirring during 0.25 hr . Stirring was continued for a further 1 hr .. 
and the excess of lithium was destroyed by adding methanol . Ammonia 
was evaporated and the residue diluted with water and extracted with 
light petroleum (b.p. 40 - 600 ). The extract was washed with water and 
brine and dried. Evaporation of the solvent yielded 3,4-dlmethyl-l-
metho~cyclohexa-l,4-diene (47, R=R'=CH 3), b . p .. 88-8~/20-2l mm;vmax 
1710 -1 1670, 1240, 1220, 900 and 790 em ; 0: 1.63 (s, 6H, = C-CB3), 
2.60 (br s 4H, =C-CH2-C=), 3$46 (s, 3H, OCH3), 4.46 (t, j 2, lH, 
-C=CH) (Found: C,78.0; H, 10.1; C9H140 requires: C, 78.2; H, 10.2%) . 
3,4-Dimethyl-l,1-ethy1enedioxycyclohex -3-ene (52) 
A mixture of the dihydro compound (47, R=R'=CH 3) (10 . 0 g) 
ethylene glycol (10 m1) and p-toluenesulphonic acid (0 . 2 g) in benzene 
(10 m1) was stirred at 100 for 1 hr. and at room temperature for 15 hr . 
I 
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The benzene solution was washed with water, aq. sodium bicarbonate 
(5%) , water, and brine and dried (Na2S04 ). Removal of the solvent 
followed by distillation of the residue afforded lLi-dimethyl-l,l-
(9.8 g, 80.5%) f bopo 98-99'}15 mm~, ethylenedioxycyclohex .-3-ene (52) 
-1 
v 1100, 1075, 950 and 840 cm ; 8: 3063 (s, 6H, = C-CH 3), 1.5 - 1.8 max --
(m, 2H, ), 2.18 (br s, 4H ), 3 96 (s 4H -O-CH -CH -0- ) 
. " -2-2 
(Found: C, 71.3; H, 9.6, C10H1602 requires: C, 71.4, H, 9.6%). 
1,1-Dimethoxy-3,4-dimethylcyclohex -3-ene (50, R=R'=CH 3 ) 
The dihydro compound (47, R=R'=CH 3) (5.0 g) in methanol (15 ml) 
at _50 was treated with p-toluenesulphonic acid37 (50 mg) and stirred 
at this temperature for 1 hr. The mixture was diluted with water and 
extracted with ether. The ether extract was washed with 5% aq. sodium 
bicarbonate, water, and brine, and dried (Na2S04). Distillation of ether 
extract furnished 1 ,1-dimethoxy-3 , 4-dimethyl-cyclohex-3-ene 
(50, R=R'=CH 3 ) (5 . 1 g, 83%), b.p. 89 - 90~15 rnrn., \) 1105, 1060, and max 
-1 840 cm ; 8: 1.62 (s, 6H, = C-CH 3), 1.6 - 2 . 4 (m, 6H, -CH 2-), 3 . 22 
(s, 6H, -OCH 3); (Found: C, 70.8; H, 10.7; C10H1802 requires: C, 7005; 
H, 10.7% . ) 
2,7-Dihydroxy-4,4-ethylenedioxyoctane (53) 
The ketal olefin (52) (6.7 g) in dry methanol (60 ml) was ozonised38 
at _70 0 until a blue colour was seen. N~trogen was bubbled to remove 
the excess of ozone. A solution of sodium borohydride (5 . 0 g) in 
aq. ethanol (25 ml) was added to it with stirring at -7~ and left 
overnight at room temperature. Following the removal of the solvent 
under reduced pressure the reaction mixture was neutralised by adding 
cold dil. hydrochloric aCld at ca. 50, saturated with ammon~um 
sulphate, and extracted w~th ethyl acetate. The extract was washed with 
brine and dried (Na SO ) and evaporated to yield 2,7-dihydroxy-
2 4 
4,4-ethylenedioxyoctane (53) o (6.1 g, 75%), b.p . 120 /Oe2 rom; \) 
max 
60 
-1 3400 (br) , 1080 (br), 960 and 830 cm 8: 1.08 (d, J 6, 3H, -CH-CH 3), 
1.10 (d, J 6, 3H, -CH-CH 3), 1.3 - 2 e9 (m, 6H), 3.3 (br, 2H 
exchangeable with D20) 3 .76 - 4.06 (m, 2H, -C~OH), 4.00 (s, 4H, -0-C~2-
cg2-0-); (Found: C, 58.85; H, 9.7; CIOH2004 requires: C, 58.8; H, 9.9%). 
Attempted dehydration of the dihydroxy ketal/ketone 
1. The keto diol (100) (0.25 g), [obtained by deketallsation of 53 
with acetone (10 ml) and £-toluenesulphonic acid)], in tetrahydrofuran 
(20 ml) was treated with dicyclohexylcarbodiimide (0.6 g) and a crystal of 
cupric chloride. The reaction mixture was stirred for 12 hr ~ 
at room temperature. The urea separated as white solid was filtered 
off. Removal of solvent followed by preparative tlc, recovered the 
keto diol (100). 
2. A mixture of keto diol (100) (0~5 g ), p-toluenesulphonic acid 
(1.0 g) and calcium chloride40 (1.0 g) in benzene (50 ml) was refluxed 
for 1 hr. The reaction mixture was cooled, filtered and the filtrate 
washed with water and dried (MgS0 4). On removal of the solvent, the 
residue was found to be the unchanged diol (100) as shown by its infra-
red spectrum. 
3. A solution of keto diol (100) (0.2 g) and iodine (20 mg) in 
acetic acid (10 ml) was refluxed for 1 hr., poured in cold water and 
extracted with ether. The material obtained from the ether extract 
was found to be the acetylated product as indicated by the presence of 
-1 
an acetate band (1730 cm ) and the absence of bands due to 
~/S-unsaturated ketone around 1690 and 1650 -1 cm 
II! 
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4 . A mixture of the keto diol (100) (0.2 g) and potassium bisulphate 
was heated at 190 - 1950 for 0.5 hr. After diluting with water, the 
product was extracted with ether. It was shown to be a complex mixture 
on tIc . 
5. Phosphorus oxychloride (1.5 ml) was added dropwise to the ketal 
diol (53) (0.2 g) in pyridine (4 ml) at 50 and left overnight at room 
temperature. The reaction mixture was carefully poured in cold water 
and extracted with ether. The product obtained from the extract 
showed the absence of an hydroxyl band in the infra-red spectrum. It 
was deketalised with acetone (10 ml) and p-toluenesulphonic acid (5 mg) e 
After usual work-up the crude product was chromatographed on slica gel 
us i ng benzene to yield the major compound (80 mg) which was presumably the 
ether (102) -1 (v 1705, cm ; 8: 1.51 (d, J 
max 
6, 3H, CH-CH 3), 1 . 53 
(d, J 6, 3H, -CH-CH3) ,1.6 - 2 . 3 (m, 6H), 4e06 (br, lH, -O-CH-), 
4 . 45 (m, lH, - O-CH-). The compound was not further characterised. 
4-0ctanone (56) 
(i) The ketal diol (53) (1.0 g) in pyridine (15 ml) was cooled to 
00 and treated with £-toluenesulphonyl chloride (4 . 0 g). The mixture 
was left at 100 for 48 hr., diluted with water and extracted with ether e 
The ether extract was washed with water, aq . sodium carbonate (5%) and 
brine, and dried (K2C03 - Na2S04 ) . Removal of the solvent yielded the 
ditosylate (54) (1.8 g, 72%), v ,1600, 1195 and 1180 cm -1 ; 8: 1.1 -
max 
2.2 (m, l2H) , 2 " 44 (s, 6H, CH 3-Ar), 3.82 (s, 4H -O-CH -CH -0-) 4 7 , -2-2 ' ~ 
(m, 2H, -CH-0.S02 -), 7.33 (d, J 8, 4H)ArH), 7 . 8 (d, J 8, 4H.fArH) . 
The ditosylate being unstable, was d irectly used for dehydrotosylation . 
t II 
The ditosylate (54) (0.5 g) in dimethyl sulphoxide (10 ml ) was 
added to a stirred solution of potassium t-butoxide 44 (0 . 6 g) in 
62 
dimethyl sulphoxide (10 ml) under nitrogen at ca 20° . The mixture was 
stirred for further 0.5 hr., poured into cold water and extracted with 
ether. The ether extract was washed with water and brine and dried 
(Na2S04). Removal of solvent gave a crude mixture of diene ketal (55) 
-1 (0 . 14 g, 85%); v 1670, 1645, 1100, 980, 960 and 920 cm ; 0 (partial ) 
max 
1.68 (d, J 6,-CH-CH3), 1.72 (d, J 6, CH-CH 3), 3.90 (s, -0-CH 2-CH2-O-) 
4.9 - 6.9 (m, olefinic protons) ; glc analysis (5% carbowax 20M; 1000 ) 
showed mainly a single compound (90% purity) with tR 3 min . 
The above diene ketal (55) (0.13 g) was hydrogenated in methanol 
(15 ml) over palladium on charcoal (10%, 50 mg.). The hydrogenated 
product was deketalised in acetone (15 ml) containing p-toluenesulphonic 
acid (5 mg). Usual work-up gave 4-octanone ( - 90 mg ,94%), v 1710 , 
max 
-1 1140, 1060 and 910 cm 0: 0.92 (t, J 7, 6H, -CH -CH ), 
2 ---:3 
1.0 - 1.8 (m, 6H, ~2)' 1.38 (t, J 7, 4H) . The infra-red spectrum 
and retention time in glc (20% carbowax, 100? Rt • 6 05 min ) were 
identical with those of an authentic specimen prepared by an unambiguous 
method (iii) . The 2,4-dinitrophenylhydrazone hadm .p. 39 - 400 
(lit. 58 m.p . 410 ). There was no depression in mi xed melting point . 
(ii) The ditosylate (54) (0.4 g) in ether (5 ml) was added to a 
stirred solution of lithium aluminium hydride (0.3 g) in ether (50 ml) . 
The reaction mixture was refluxed for 2 hr. Conventional work-up gave 
a product identical in infra-red spectrum with that obtained in (i). 
(iii) A solution of butyryl chloride (17.0 g) (prepared from butyric 
acid and thionyl chloride) in benzene (20 ml) was added dropwise to the 
cadmium compound prepared in situ from anhydrous cadmium chloride (20 ~ 
and butylmagnesium bromide 45 in benzene (100 ml),[magnesium (4.8 g) , 
63 
butyl bromide (27.4 g) in ether (100 ml)]. The reaction mixture on 
o . 58 0 
work-up gave 4-octanone b.p. 63 - 65 /17mm (llt . 70 /26 mm) . 
5,8-Dihydro-6-methoxytetralin (59) 
The methoxytetralin (58) (20 g) in tetrahydrofuran ( 75 ml) and 
t-butanol (75 ml) was added to distilled arnrnonia (- 250 ml) with stirringo 
Lithium (7.0 g) was added to the mixture during 0 .15 hr. Stirring was 
continued for further 1 hr . followed by the addition of methanol to 
decompose excess of metal . The dihydro product (59) aft.er usual work-
r 
up as described earlier, was distilled at 113 - 1150 /15 rom (17.5 g,88% ) 
. 59 0 -1 (llto 235); v 1705, 1675 and 1275 cm • 
max 
2,2-Ethylenedioxy-9(10)-octalin (60) 
A solution of dihydro- compound (59) (15.0 g), ethylene glycol and 
p-toluenesulphonic a cid (200 mg) in benzene was stirred at 5 - 100 for 
1 hr . and at room temperature for 15 hr . The solution was then washed 
with water, aq . sodium bicarbonate ( 5%), water and brine and dried 
(Na2S04 ). Removal of the solvent yielded the above ketal (60) (1402 g, 
80%) . An analytical sample was collected from glc (20% carbowax; 
1950 , tR 12 min) . - 1 v 11 05 , 1090, 1020 and 955 cm 0: ln5 - 2.2 
max 
(m, l4H), 3.93 (s, 4H -0-CH2-CH2-O-); mle 194 (parent ion); (Found: 
C, 74 . 0, H, 9 .2; C12H1802 requires: C, 74.2; H, 9 .3%). 
1,6-Dihydroxy-3,3-ethylenedioxycyclodecane (6~ 
Ozone was passed through a solution of the octalin derivative 
(60) (6 .. 0 g ) in methanol (60 ml ) at _70 0 until the solutJ..on was blue .. 
The solution was bubbled with nitrogen to remove excess of ozone. 
Addition of sodium borohydride (11 . 0 g) in 50% ethanol (70 ml) followed 
by work- up as des cribed as earlier afforded 1,6-dihydroxy-3,3-ethylene-
I· 
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dioxycyclodecane (61) o (4.9g, 69%), m.p. 94 - 96; v 3400, 1070, and 
max 
-1 950 cm ; 8: 1 .. 5 - 2.2 (m, 14H) 2.80 (br~ s.)' 2H, exchangeable with D20), 
3.96 (br s, 6H -O-CH -CH -0- and CHOH) 
-2 -2 
C12H2204 requires: C, 62 . 6; H, 9 . 6%) . 
Cyclodecanone (63) 
(Found C, 62.8; H, 9.8; 
A solution of dihydroxy ketal (6lA) (1.4 g) in pyridine (20 ml) 
was treated with p-to1uenesu1phonyl chloride (6.0 g) at 00 and left at 
100 for 48 hr. and worked up as described earlier to give the solid 
ditosylate (6lB) (1.8 g, 85%) m.p . 72 - 740 ; v 1600, 1195 and 1185 
max 
-1 
cm ; 8: 1.4 - 1.8 (m, 14H) , 2 . 43 (s, 6H, CH 3-Ar), 3.8 (s, 4H, 
-0-CH2-CH2-0), 4 .74 (br ~ 2H, CH-OTS), 7.34 (dd, J8,3, 4H, ArH) , 
7. 80 (dd , J8, 3, 4H~ ArB) • 
A solution of the above tosylate (6lB) (1.6 g) in dimethyl 
sulphoxide (15 ml) was added to a stirred solution of potassium 
t-butoxide (le5 g ) in dimethyl sulphoxide (25 ml) at room temperature 
and was stirred for further 1 hr . The reaction mixture was worked 
up as described above to give the crude olef in mi xture (62), (0.5 g, 86%) 
-1 
v 1160, 1115, 1050 and 950 cm ; 8 (partial) 3.93 (s, 0-CH 2-CH2-O-) max -- --. 
and 5 .2-5. 6 (olefinic protons) . 
The crude olefinic mixture (0.1 g) on hydrogenation in methanol 
(20 ml) over palladium on charcoal (10%, 25 mg), followed by deketalis-
ation in acetone (lOml) and £-toluenesulphvr.ic a cid (5 mg) afforded 
crude cyclodecanone (65 mg) which onfiltration through silica gel 
-1 
column gave pure cyclodecanone (63)1 v 1705 and 1100 cm mle 154 
max 
(parent ion). The infra-red spectrum is identical with that reported46 
for cyclodecanone. 
65 
Semicarbazone of 63 
Semicarbazide hydrochloride and sodium acetate were mixed in 
equimolar ratio and ground. The semicarbazide acetate formed was taken 
in methanol and filtered. The filtrate was treated with the ketone 
obtained above and the solid separated was crystallised m. p . 197-990 
(lit . 46 203-204) . 
f i, 
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o-Ethylacetophenone (6 7) 
This compound (67) was prepared according to the procedure of 
Riemschneider and Kassahn47 starting from phthalic anhydride in four 
steps as follows: 
(a) 0- Ethylbenzoic Acid (64): A mixture of phthali c anhydride (148.0 g ) 
and malonic acid (124.0 g) in pyridine (96 ml) was refluxed on a steam-
bath for 7 hr . The reaction mixture was then aci dified with conc. 
hydrochloric acid to yield Q-acetylbenzoic acid (64) (86.0 g) mop. 
113-114 (lit47 114-115 0 ). 
(b) o-Ethylbenzoic Acid (65): g-Acetylbenzoic acid (70.0 g) in 
acetic acid (350 ml) was reduced with red phosphorus (3 5 00 g ), iodine 
(12.5 g), and hydriodic acid (50 m1) to give ~-ethylbenzoic acid (65) 
o , 47 0 (62.0 g) m8p . 65-6~ (l~t. 68). 
(c) o-Ethylbenzoyl chloride (66): The o-ethylbenzoic acid (62.0 g) on 
treatment with thionyl chloride (57 g) in the usual manner, afforded 
~-ethy1benzoy1 chloride (66) (67.0 g) b op~ 224 - 2260 (lite 47 2260 ). 
(d) o-Ethylacetophenone (67): Condensation of the acid chloride (66) 
(66.5 g ) with diethyl malonate (70.5 g) in presence of magnesium 
ethoxide (generated from 10 .7 9 of magnesium and 50 ml of dry ethanol 
in 250 ml of ether using 0.5 ml of CC14 as catalyst) furnished a 
product which on treatment with a mixture of aceti c acid (120 ml), conca 
sulphuric aci d (15 ml) and water (80 m1) yielded ethylacetophenone (67) 
b.p . 92 - 950 /12-15 mm. (lit. 47 b.p. 1080 /18 mm) i v 1680, 1600, 1570 
max 
and 770 -1 cm i 0: 1. 22 (t, J 7.5, 3H, -CH 2-CH 3) , 2s55 (s, 3H, 
- CO-CH 3), 2 . 88 (q, J 7.5, 2H, -CH2-CH 3) , 7.1 - 7.7 (m, 4H, ArH). 
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2-Ethyl-5-methoxyacetophenone (68D) 
~-Ethylacetophenone (40.0 g) in sulphuric acid (conc4, 200 ml) 
was treated with a nitrating mixture of sulphuric acid (conc. , 40 ml) 
and fuming nitric acid (30 ml) at -200 • The resulting mixture was 
poured into a mixture of crushed ice (170 g), dry ice powder (165 g) 
and ice-cold water (400 ml). The semi-flocculent solid which separated 
was extracted with ether, and the extract washed (brine) dried (MgS0 4 ) 
and evaporated to give the nitro compound (68A) (50.0 g); V 1530 
max 
-1 
and 1360 cm (N0 2 ) and was directly used for the next step. 
The nitro compound (68A) (50.0 g) was added in one lot to a 
solution of stannous chloride49 (187.5 g of the dihydrate) in hydro-
chloric acid (conc., 225 ml) at 50 with stirring. The temperature of 
the reaction mixture rose slowly during the initialS min. to cau25° and 
then rapidly to about 900 . At this stage, the mixture was cooled in 
an ice-bath to prevent vigorous boiling, stirred for a further 0.5 hr. 
and then heated on a steam-bath for 4 hr. It was cooled, basified,50 
and extracted with ether. The extract on usual work-up gave the crude 
amino compound (68B) -1 (36.7 g); v 3456, 3360 and 1612 cm (NH2 ). max 
This was used for the subsequent step without further purification . 
A solution of the above amino compound (68B) (36.7 g) in 6N 
sulphuric acid (130 ml) was cooled in an ice-salt bath and an aqueous 
solution of sodium nitrite49 (15.0 g in 40 ml) was added to it 
dropwise with stirring while the reaction mixture was maintained at 
4_50 • Stirring was continued for further 1 hr. at the same temperature 
and the resulting solution of diazonium salt was added dropwis e to 
boiling water (170 ml) containing sulphuric acid (conc.J 18 ml ). The 
mixture was boiled for 5 min., cooled and extracted with ether . The 
ether extract afforded the crude phenolic compound (68C) (24.6 g ) , 
[v 3400 (br, phenolic OH)] which was used as such for methylation . 
max 
I' 
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The above phenolic compound (68C) (24.6 g) was dissolved in 
sodium hydroxide (aq. 8%, 85 ml) and dimethyl sulphate51 (19.0 g) was 
added dropwise with stirring at ca.45°. The mixture was stirred for 
5 min . and then additional quantities of aq e sodium hydroxide (8%, 40 m1, 
in one lot) and dimethyl sulphate (9.5 g/dropwise) o were added at 50 0 
After 0.5 hr. at the same temperature, the reaction mixture was cooled 
and extracted with ether. The organic extract on distillation afforded 
o 2-ethyl-5-methoxyacetophenone (68D},b.p. 92-9470.5 rom; V 1690, 
max 
-1 
1605 and 1565 cm ; A ,244 nm (E 9,540) and 307 nm (s 3,560); 
max 
8: 1.17 (t, J 7.5, 3H, -CH 2-CH3), 2 . 50 (s, 3H, -CO-CH3)' .2.78 
(q, J 7.5, -CH 2-CH3), 3.77 (s, 3H,-OCH 3) 6 .90 (dd, J 8,3, 1H, 4-H) I 
7.10 (d,J 3,6-!!.), 7.16 (d,J 8,lH, 3-H), mle 178 (parent ion) (Found: 
C, 74.1; H, 7.9; C11H1402 requires:C, 74.1; H, 7.9%). 
Furfury1idine-2-ethyl-5-methoxyacetophenone (69) 
Following the procedure of Martin and Robinson 20 with slight 
modification, a mixture of acetophenone (6 8D ) (17.8 g) and freshly 
distilled furfural (22) (9.6 g) was added to a stirred solution of 1.5% 
methanolic sodium methoxide (60 ml) under nitrogen . Stirring was 
continued for 1 hr at room temperature and for 2 hr at 50-550 • The 
reaction mixture was then poured in cold water and extracted with ether. 
The ether extract was washed with aq. hydrochloric acid ( 5%), water, and 
brine and dried (MgS04 ). The solvent was evaporated and the residue 
left on distillation afforded pure furfurylidine - 2-ethyl-5-
methoxyacetophenone (69) (23.5 g, 92%) as a viscous yellow liquid, 
o b.p . 155-156 /0.05 rom; V 1660, 1640, 1620, 1600, 1570 and 1550 
max 
-1 
cm ; A 320 nm (E 24,780); 8: 1 .18 (t, J 7, 3H, -CH 2-CH 3), 2.68 max --
(q, J 7, 2H, -C!i2-CH3)' 3 . 78 (s, 3H, OCH 3), 6.45 (dd IH) 6" 6 2 ( d , IH), 
6 .85 - 7.75 (m, 6H); mle 256 (parent ion) (Found: C, 75.0; H, 6.05; 
C16H1603 requires: 75.0; H, 6.3%) . 
Ii 
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4,7-Diketo-7(2'-ethyl-5'-methoxyphenyl)heptoic acid (72) 
Following the method of Robinson21 with slight modification, a 
mixture of furfurylidine derivative (69) (13.0 g) ,ethanol (260 ml) and 
hydrochloric acid (conc., 26 ml) was refluxed on stearn-bath for 20 hr . 
The residue obtained after removing the alcohol under diminished 
pressure was heated under reflux with a mixture of hydrochloric acid 
(conc., 65 ml), acetic acid (100 ml) and water (200 ml) for 3 hr. 
After adding additional water (500 ml), the reaction mixture was 
a 
refluxed forlfurther period of 20 hr. The resulting pale yellow 
solution was decanted hot from the oil, cooled and extracted with 
ethyl acetate. The extract was washed with brine, dried (MgS0 4 ) and 
evaporated to yield a mixture of diketo acid(72) and the arylfuran-
propionic acid (73) (2.2 g). The oily residue left after decantation 
was again acid hydrolysed as above, and the process repeated until very 
little of the acids (72) and (73) could be obtained. The amounts of the 
products (72)and (73) thus obtained subsequently from each of such 
operations were 3.5, 3. 7, 1.1 and 0.4 g, successively. The increase 
in yield in the first three operations suggests; at the stage of hydrolysis 
of the intermediate esters (corresponding to acids 72 and 73), the 
furan acid is further attended with hydrolytic cleavage; especially 
after diluti on with water. 
The analytical sample ofi,}_-diketo-7 (2 '-ethyl-5' -methoxyphenyl) 
heptoic acid (72) was obtained by fractional crystallisation from ether-
carbon tetrachloride as brown needles m.p . o 81 - 82 ; 'J (CHC1 3 ) max 
-1 1720, 1705, and 1690 cm ; A 244 nm (s 6,090), 304 nm (s 2,170); 
max 
0: 1.17 (t, J 7, 3H, -CH 2-CH3), 2.6 - 2 .9 (m, 8H) 3.16 (t, J 6, 2H, 
-CH 2-CH 2-), 3.81 (Sl 3H, OCH3), 6.9 - 7.3 (m, 3H, ArH), 9.2 (br, lH, 
-COOH exchangeable with D2 0; (Found: C, 65.9; H, 6.7; C16H2005 
requires' C, 65 . 7; H, 6.9%) . 
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3-(2'-Ethyl-5'-methoxyphenyl)-cyclopent-2-ene-l-one-2-acetic acid (74) 
The mixture of acids (72 and 73) (10.9 g) obtained above was 
dissolved in potassium hydroxide 22 (19.8 g in 990 ml water) and boiled 
for 7 hr. The solution was cooled, acidified and extracted with 
ethyl acetate. The ethyl acetate extract was dried (MgSO 4) and evaporated e 
The residue left was esterified with ethanolic sulphuric (5%) by heating 
under reflux for 15 hr. On removal of the solvent under reduced 
pressure the residue left was diluted with water and extracted with 
ethyl acetate. The ethyl acetate extract was washed with aq. sodium 
bicarbonate solution (5%), water, and brine and dried (MgS04 ) . The 
solvent was removed and the residue was chromatographed over silica gel 
(100 g). The material, obtained on elution with 10 - 20% ether in 
light petroleum (40 - 600 ) was found to be the ethyl ester of the 
furan acid (73) o (1.7 g); b.p. 168 - 170 /0.3 mm; \) 1730, 1570, 1540, 
max 
-1 
and 790 cm A 227 nm (s 16,450) and 277 nm (s 12,390); 0: 1.20 
max 
(t, J 7, 3H, -CH 2-CH3 ) 1.24 (t, J 7, 3H, -0-CH 2 -CH 3), 2 . 6 - 2.85 (m, 4H ) 
3 . 03 (t, J 7, 2H), 3.80 (s, 3H, OCH 3 ) , 4.14 (q, J 7, 2H, -0-CH2-CH3)' 
6.09 (d, J 3, IH, furan S-H) , 6.38 (d, J 3, IH, furan-SH), 6 . 75 - 7 . 20 
(m, 3H, ArH); m/e; 302 (parent ion) (Found: C, 71.8; H, 7 . 2; C18H2204 
requires C, 71.5; H, 7.3%). This was acid hydrolysed as described 
earlier to yield the diketo acid (72) (80%). 
Ethyl 3-(2'-ethyl-5'-methoxyphenyl)cyclopent-2-ene-1-one-2-
acetate (75) (8.6 g) was eluted with 50% ether in light-petroleum 
eluate, and found to be homogenous by tIc [silica gel GF 254, 
cyclohexane-ethylacetate (1:1)]; 
-1 1575 cm ; m/e 302 (parent ion) . 
\) 1730, 1700, 1645, 1605 and 
max 
The cyclopentenone ester (75) (8.0) was saponified by refluxing 
with meth,anolic sodium hydroxide (2N, 50 ml) for 3 hr . and on remov al 
of the solvent the residue left was diluted with water and extracted 
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w1.th ethyl acetate. The dried (MgS04 ) extract on removal of the solvent 
afforded 3-(2'-ethyl-5'-methoxyphenyl)cyclopent-2-ene-l-one-2-acetic acid 
(74) (7.5 g) as an 01.1 which solidified on standing . The analyt1.ca1 
sample, mep. 132-1330 , was secured by recrystallisation from water ~ 
p 
-, 
v 1710 - 1690 (br) and 1640 cm • (addition of a drop of morpholine 
max 
shifted the carboxyl band to lower frequency and 1690 band due to 
cyclopentenone carbonyl was clearly seen), A. 227 nm (E.. 18,660); 
max 
0: 1014 (t, J 7, 3H, -CH2-CH3 ) ,2.44 (q, J = 7, 2H, -CH 2 -CH 3), 2 ,, 62 
(m, 2H), 2.84 (m , 2H) I 3,12 (s, 2H) I 3.77 (s, 3H, OCH 3) , 6~55 -
7.25 (m, 3H, ArH), 9 Q37 (br, IH, exchangeable with D
2
0 -COOH) (Found: 
C, 69Q9; H, 6.5; C16H1804 requires:C, 70.05; H, 6.6%). 
trans-3-(2'-Ethyl-5'-methoxyphenyl) cyclopentane-l-one-2-acetic acid (78) 
Method A: Cyclopentenone acid (74) (5.5 g) in potassium 
hydroxide (1.0 g in 50 ml water) was hydrogenated over palladium on 
charcoal (10% 1.0 g ) at 3.5 atm. for 48 hr. and filtered . The flltrate 
was aCidified and extracted with ethyl acetate. The extract was washed 
with brine, dried (MgS04 ) and the solvent removed to Y1.eld trans-3-
(2'-ethyl-5'-methoxypheny1 )cyclopentane-l-one-2-acetic acid (78) as 
an oil in quantitative yield, homogeneous by tIc [silica gel f 
cyclohexane-ethyl acetate(l:l) with traces of acetic acid}; v 
max 
1735 -
1710, 1605 and 1575 cm- l (addition of a drop of morpholine shifted the 
carboxyl band to the lower frequency and 1735 band for cyclopentanone 
carbonyl was clearly seen) Q 8: 1.18 (t, J 7.5, 3H, -CH
2
-CH3 ), 1.6 -
2.9 (m, 9H) f 3 <5 (m, IH, -CH-Ar), 3.78 (s, 3H, -OCH 3), 6.6 - 7~2 (m, 3l-!, 
ArH) , 9=0 (br, lH, -COOH) (M, 276. 1363; C16H2004 requires. M, 276.1361 ). 
Method B: The cyclopentenone acid (74) (0.9 g) in tetrahydrofuran 
(305 ml ) was added to a stirred solution of lithium (0.18 g) in 
distilled ammonia (100 ml)e Stirring was continued for 1 hr c and the 
r·· 
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reaction mixture was quenched with ammonium chloride. Ammonia was 
evaporated and ~he residue left was diluted with water and the aqueous 
solution was washed with ether, acidified and extracted with ethyl 
acetate. After removal of the solvent the residue shown to be a complex 
mixture on tIc [silica gel, cyclohexane-ethy1acetate (1:1) with traces 
of acetic acid], was esterified with methanol ic sulphuric 
acid (5%). The chromatographic separation of esters gave 
mainly three components in ca 1:1:1 ratio. One of them was found to be 
the required ester (79) where as the other two were presumably the 
lactone (97) 
-1 1725 cm ). 
-1 (v 1770 cm ) and hydroxy ester (98) (v 3400 and 
max max 
Methyl trans-3-(2'-ethyl-S'-methoxyphenyl) cyclopentane-l-one-2-
acetate (79) 
The cyclopentanone a cid (78) (5.4 g) obtained from the method A 
above was heated under reflux with methanolic sulphuric acid (5%, 150 ml) 
for 15 hr . After usual work-up gave methyl trans-3-(2'-ethyl-S'-
methoxyphenyl)cyclopentane~1-one-2-acetate (79); b.p. 160 - 1650 /0.06 mm; 
-1 
v 1735 - 1725, 1605 and 1575 cm ; 8 1.17 (t, J 7sS, 3H, -CH2-CH3), max --
1.5 - 2.9 (m, 9H) 3.2 (m, lH, -CH-Ar), 3.52 (s, 3H, -COOCH3), 3e 78 
(s, 3H, -OCH3); 6Q6 - 7.3 (m, 3H, ArH); m/e 290 (parent ion) (Found: 
C, 70.0; H, 7.35; C17H2204 requires C, 70.3; H, 7.6). 
The orange 2,4-dinitrophenylhydrazone of the keto ester(79) had 
the m.p. 63 - 650 (Found: C, 58.55; H, 5.5; N 11.7; C23H2607 N4 requires 
C, 58.7; H, 5.6; N, 11.9%). 
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Methyl trans-3{2'-ethyl-5'-methoxyphenyl)-1,1-ethylenedioxycyclopent ane-
2-acetate (80) 
The keto ester (79) (5.2 g) was ketalised with ethylene glyc o l (10 ml ) 
and p-toluenesulphonic and (0.2 g) in benzene (125 ml) to give methyl 
trans-3{2'-ethyl-5'-methoxyphenyl)-1,1-ethylenedioxycyclopentane-2 - acetat e 
(80) -1 (5.5 g); v 1730, 1605, 1575, 1160 and 950 cm ; 0: 1.18 (t , J 
max 
7.5, 3H, -CH 2-CH 3); 1.5 - 3.5 (m,lO H), 3.45 (s, 3H, -COOCH 3), 3 . 8 
(s, 3H, -OCH3), 3.94, (s, 4H, -O-CHQ-CHQ-O), 6.67 - 7.05 (m t 3H, ArH ) 
(Found: M, 334.1778; C19H2605 requires ~ M, 334.1780). 
trans-3{2'-Ethyl-5'-methoxyphenyl)-1,1,ethylenedioxycyclopentane-2-
ethanol (8l) 
The ketal ester (80) (5.l g) on reduction with lithium aluminium 
hydride (1.5 g) in ether (200 ml) afforded trans-3{2'-ethyl- 5' -
methoxyphenyl)-1,1-ethylenedioxycyclopentane-2-ethanol(81) (4.8 g) 
-1 
v 3400 (br), 1605, 1575, 1150 and 950 cm ; 0: 1 ~ 16 (t, J 7 , 3H, 
max 
-CH 2-CH 3 ), 1.4 - 2 08 (m, IIH), 3.42 (t, J 7, 2H, -CH 20H), 3 . 76 (s I 3H, 
OCH 3), 4.00 (s, 4H, -O-CHQ-CHQ-O), 6.63 - 7.1 (m, 3H, ArH) 
306.1830; C18H2604 requires M, 306.1831). 
(Found , M, 
trans-3(2'-Ethyl-5'-methoxyphenyl)-1,1-ethylenedioxycyclopentane-2-
acetaldehyde (82) 
,. 
The ketal alcohol (81) (3.0 g) was oxidised with chromium 
trioxide (6.0 g) and pyridine (9.2 g) in methylene chloride 25 (150 ml) 
to yield the above ketal-aldehyde (81) (2.5 g, 83%); V ,2720, 1715, 
max 
1605, 1575 -1 1155, and 950 cm ; 0: 1.16 (t, J 7 . 5, 3H, -CH2-CH3 ) , 1 ?5 -
3.5 (m, 10H) , 3.78 (s, 3H, OCH 3 ) , 3.88 (s, 4H, - 0 - CH 2-CHQ- 0 - ) 6 . 65 -
7 ~ 15 {m, 3H, ArH) , 9.57 (t, J 3, lH, -CHO) (Found: M, 304.1675; C18H2404 
requires: M, 304.1674). 
f 
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trans-2-(7'-Hydroxy-2 - trans-heptenyl)-3-(2'-ethyl-5'-methoxyphenyl) 
cyclopentanone (83) 
The finely powdered phosphonium salt (42) (14.5 g) was added during 
0.25 hr to a stirred solution of butyl lithium (18 ml, 2 .12 M in n-
hexane) in ether (400 ml) under nitrogen. After 0.25 hr., the ketal 
aldehyde (82) (2.5 g) in ether (25 ml) was added during 0 . 5 hr. The 
mixture was refluxed for 4 hr., cooled and treated with a mixture of 
methanol (120 ml) and aq. sulphuric acid (10%, 120 ml). The ether phase 
was separated and evaporated. The residue was once again treated with 
a mixture of 0.2 N aq. sulphuric acid (90 ml) and methanol (100 ml), and 
left at room temperature for 15 hr. Methanol was removed under suction 
and the ether-extract of the residue was chromatographed on alumina 
(neutral, grade III) and the material obtained on elution with light 
petroleum(60-80o )furnished the hydroxy olefin (83) (2 02 g) almost free 
from triphenylphospine oxide; v 3360, 1730, 1605, 1575, 1050 and 975 
max 
-1 
cm ~ 8: 1 . 2 (t, J 6, 3H, -CH 2CH 3 ), 1.3 - 3 . 5 (m, l7H) , 3.56 (t, J 6, 2H, 
-CH 2 -CH 2-OH), 3.78 (s, 3H, -OCH 3), 5.35 (m, 2H, -CH=CH-), 6.6 - 7.2 
(m, 3H, ArH) (Found: M, 330.2197; C2l H300 3 requires·. M, 330 .2195). 
trans-2-(7'-Hydroxyheptyl)-3-(2'-ethyl-5'-methoxyphenyl)cyclopentanone 
(84) 
The olefin alcohol (83) (2.2 g) in ethanol (50 ml) was hydrogenated 
over palladium on charcoal (10%,0.5 g). The mixture was filtered, and 
filtrate on evaporation gave trans-2-(7'-hydroxyheptyl) -3-(2 ' -ethyl-
-1 5'-methoxyphenyl)cyclopentanone (84); v 3360, 1730, 1055 em ; 
max 
8: 1.2 (t, 9H, -CH2-CH 3 , methyl protons superimposed on broad singlet of 
methylene protons), 1.4 - 3.5 (m, l5H) , 3 . 56 (t., J 6, 2H, CH2-CH2-0H), 
3.78 (s, 3H, OCH 3) , 6.6 - 7.2 (m, 3H, ArH); (Found: M, 332 . 2350; C21H3203 
requires:M, 332.2351). 
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trans-2-(6'-Carboxyhexyl)-3(2'-ethyl-5'-methoxyphenyl)cyclopentanone 
(85) 
The ketoalcohol (84) (2Q2 g) in pyridine (50 ml) was treated with 
chromium trioxide (6.0 g) at room temp. and left for 24 hrc Following 
. . f 31 . 1 f the add~t~on of 2-3 drops 0 water, the m~xture was e t at room 
temperature for 48 hr. The reaction mixture was then poured into 
hydrochloric acid (6N) and extracted with ethylacetate. The emulsion 
thus formed was filtered. The ethyl acetate layer was separated and 
shaken with sodium carbonate (aq. 5%). The aqueous layer was acidified 
and extracted with ethyl acetate. The extract after work-up yielded 
trans-2-(6'-carboxyhexyl)-3-(2'-ethyl-5'-methoxyphenyl)cyclopentanone 
(85) (1.2 g); v 3400 - 2500 (typical), 1735, 1705, 1605, 1575 and 
max 
-1 
1050 ern ; 0: 1.2 (t, 7H, -CH 2-CH3J methyl protons superimposed on 
broad singlet of methylene protons) 1.3 - 3.4 (m, l6H) , 3.8 (5, 3H, 
I 
OCH 3 ) , 6.7 - 7.4 (m, 3H, ArH); (Found; M, 346.2141; C2lH3004 requires: 
M, 346.2144). 
trans-2-(6'-Carboxyhexyl)-3-(2'-ethyl-5'-methoxyphenyl)-l,l-ethylene-
dioxycyclopentane (89) 
A mixture of the ketoacid (85) (1.2 g), ethylene glycol (3 ml) , 
and p-toluenesulphonic acid (50 mg) in benzene (50 ml) was heated 
under reflux for 15 hr . using a Dean-Stark water separator . The cooled 
solution on conventional work-up gave a viscous liquid (88); (v 
max 
3400, 1730, and 950 cm- l ) and was directly saponified by treating with 
2N-meth~10lic potassium hydroxide (25 ml) at room temperature for 48 hr . 
Solvent was removed and the product acidified to p 4-5 at 
H 
ca 50. The mixture was extracted with ethyl acetate , and the extract 
washed with brine and dried (Na2So4 ). Removal of the solvent afforded 
ketal acid (89) -1 (0.9 g); v 1700 and 950 cm ; 0: 3.96 (s, -0-CH 2-CH 2-O), max - -
3 " 82 (s, OCH 3) . 
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2-(2'-Ethyl-5'-methoxyphenyl)furan-5-S-n-oropanol (86) 
The furan ester (71) (0.5 g) in ether (5 ml) was added to a 
stirred slurry of lithium aluminium hydride (0.1 g) in ether (50 ml) • 
The reaction mixture was refluxed for 3 hr. The excess of lithium 
aluminium hydride was decomposed with saturated solution of sodium 
sulphate. The ether solution was filtered, washed with water and 
dried (MgS04 ). Removal of the solvent afforded 2-(2'-ethyl-5'-
methoxyphenyl)furan-5-S-n-propanol (86) as an oil in almost quantitative 
-1 yield; v 3400 (br), 1610, 1575, 1540 and 1045 cm ; 8: 1.22 (t, J 7, 
max 
3H, -CH 2-CH3 ), 1.96 (m, 2H), 2.25 (br s, lH, D2 0 exchangeable, -CH 20H), 
2.5 - 2 . 9 (m, 4H), 3.65 - 3.9 (s, 3H, OCH 3 and superimposing t, -CH2 
OH),6 . 08 (d, J 3 . 5, lH, furan S-H) , 6.41 (d, J 3.5, lH, furan S-H), 
6.7 - 7.2 (m, 3H ArH) (Found: M~ 260.1409; C16H2003 requires: M, 260.1412) 0 
Attempted oxidation of 86 to aldehyde (87) 
The fur an alcohol (86) (0.26 g) was added in one lot to a stirred 
solution of chromium trioxide (0.6 g), pyridine (0.95 g) in methylene 
chloride25 (15 ml) and stirring continued for 3 hr. After usual work-up 
the product (0.2 g) obtained showed the bands at 2715. 1720, 1680 and 
1540 cm- l in the infra-red spectrum and weak signals for furan S-protons 
in the nmr spectrum. It thus, indicated that not only the hydroxyl was 
oxidised to aldehyde but also the furan ring was opened up to give (99) . 
Further investigation on this type of oxidation is studied in Chapter III. 
trans-2-(6'-Carboxyhexyl)-3-(2'-ethyl-5'5'-ethylenedioxy-l'-cyclohexenyl)-
l,l-ethylenedioxycyclopentane ester (91) 
To a stirred solution of lithium (0.5 g) in ammonia (100 ml) was 
added ketal acid (89) (0.9 g) in tetrahydrofuran (5 ml) and t-butanol 
(3 ml). Methanol was added after 1 hr to destroy the excess metal and 
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the ammonia evaporated. Following the dilution with water, the mixture 
was washed with ethyl acetate to remove the neutral material and acidified 
with saturated oxalic acid at ca 50 to a PH 3-4 and extracted with 
ethyl acetate. The extract after the usual work-up gave S,y-unsaturated 
keto acid (0.6 g), 0: 9.84 (s, -0-C~2-CH2-0). 
The above keto acid (0.6 g), was directly ketalised by refluxing 
its solution in benzene (35 ml) containing ethylene glycol(l ml) and 
p-toluenesulphonic acid (20 mg). The conventional work-up furnished 
-1 (0.75 g). v 1730, 1160 and 950 cm 
max 
the diketal ester (91) 
, 
Ozonolysis followed by sodiumborohydride reduction of 91 
The ketal ester (91) (0.35 g) in dry methanol (20 ml) was ozonised 
at -70 till the solution was blue. Excess ozone was removed from the 
reaction mixture by bubbling N2 • Sodium borohydride (2 GO g) in ethanol 
(aq . 50%, 10 ml) was added to the reaction product with stirring at _70 0 • 
The mixture was left overnight at room temperature . Solvent was 
removed under reduced pressure and the residue was brought to p 5-6 
H 
at ca 50, and extrac ted with ethyl acetate to give the diol (92) e 
This was used without purification in the subsequent step. 
Tosylation and Dehydrotosylation of 92 
The crude ketal diol (92) (0 . 35 g) in pyridine (15 ml) was cooled 
to 0 0 and treated with p-toluenesulphonyl chloride (0 . 65 g ) . The 
mixture was left at 100 for 48 hr., diluted with water, and extracted 
with methylene chloride. The extract was washed with water and brine 
and dried (Na2S04 ). Removal of the solvent yielded the unstable d itosyl 
derivative (93) -1 (0 . 49 g), [v 1190 and 1180 cm (tosyl bands)] 
max 
• 
..... 
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which was used immediately for dehydrotosylation. 
A solution of the above ditosyl derivative (93) (0.38 g) in 
dimethyl sulphoxide (15 ml) was added to a ptirred solution of potassium 
t-butoxide (0.26 g) in dimethyl sulphoxide (10 ml) under nitrogen at 
ca 200 • The mixture was stirred at room temperature for further 
0.5 hr m, poured into cold water and extracted with ethyl acetate . The 
extract was washed with water and brine and dried (Na2S04). On removal 
of the solvent, a mixture of isomeric olefins (94) (OG16 g) was obtained; 
8: 0.96 (t, 3H, CH 2CH 3), 3.96 (s, 8H,,2 ketal protons), 5.5 8 (m, 4H, 
olefinic proton~ . 
trans-2-(6'-Carboxyhexyl)3-(3'-oxooctyl)cyclopentanone (95A) and its 
methyl ester (95B) 
The above olefin-mixture (94) (0.16 g) in methanol (15 ml) was 
hydrogenated over palladium on charcoal (10%, 50 mg). The mixture -was 
freed from the catalyst and the filtrate thus obtained was left overnight 
with a few drops of hydrochloric acid for deketalisation. After usual 
work-up, the diketo acid (95A) (0.12 g) was obtained; v 3400 - 2500 
max 
(typical carboxyl bands) ,1730 - 1700 cm- l (br); 8 0.94 (t g typical 
W-CH 3), 1.3 (br s, methylene protons); rn/e 338 (parent ion) . 
The above diketoacid (95A) (O m12 g) was refluxed with methanoli c 
sulphuric acid (5%, 10 ml) for 10 hr. After usual work-up, the product 
(95 B) obtained was purified by chromatography over silica gel (2 00 g) 
using a mixture of benzene-ethylacetate (1:1). The pure diketoester 
(95B), thus obtained, was proved to be identical with that prepared 
from an authentic sample of dl-ll-desoxy-13,14-dihydro-15-dehydro-PGE l ,* 
by comparison of their infra-red spectra (see fig. 4 ) and of the main 
fragments in the mass spectra [role 352 (parent lon), 321 (m - 31), 225, 
239], and on tIc [benzene - ethyl acetate (1:1)]. 
* The authentic sample of dl-ll-desoxy-13,14-dihydro-15-dehydro 
PGE 1 was supplied by Dr J . Fo Bagli, Ayerst Research Laboratories, Mon~real, Canada. 
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Part 1 OXIDATIVE CLEAVAGE OF 2, 5-DISUBSTITU'rED FURAN DERIVATIVES 
INTRODUCTION 
Furan compounds, analogous to enol ethers, in general are subject 
to hydrolytic cleavage by acidlc reagents. Under these conditions 
disubstituted furans (1) are opened up to give mainly the 1,4-diketones 
(2) in yields ranging from 62-68%.1 There are also other methods 
available in the literature2 ,4-7 by which the furan ring can be 
severed to give enediones. 
Lutz and Wilder2 reported that 2,5-diarylfurans on treatment with 
nitric acid-acetic acid yielded the enediones (3) in about 80% yield. 
They claimed to have established the cls-configuration for the enediones 
thus obtained, by comparing them with the known trans isomer and also 
by converting the latter into the cis-isomer on exposure to sun-light3 
without a catalyst. These authors however did not report the 
preparation of the enediones from the dlsubstituted alkylfurans . 
Yur'ev et al . 4 reported the oxidative splitting of 2,5-disubstituted 
furans (4) wlth acetyl nitrate as well as with nitric acid-propionic 
acid. These authors were able to obtain almost quantitative yields of 
the 1,4-addition products (5) f but the latter could not be converted to 
the corresponding enediones by acid-hydrolysis. However, by a slow 
distillation of the addition product (5) ln a vacuum they 
were able to obtain a low yield of the enediones (6). They established 
the trans geometry for the double band of the enediones on the basis of 
-1 the presence of a 976 cm band in the infra-red spectrum 
Furans (7) were also oXidised5 ,6,7 by bromine in methanol or 
electrolytically in methanolic ammonium bromide to give dlmethoxy-
dihydrofurans (8) which in turn could be hydrolysed to the enediones (9) 
or hydrogenated and hydrolysed to give the l,4-diones(10). In a 
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similar wayS furan is attacked by lead tetra-acetate in a mixture of 
acetic acid and anhydride, yielding (11) which has been similarly 
I 
hydrolysed to enedione (3,R~~~H) and converted lnto 1,4-dione (2/R = R' 
= H) • 
DISCUSSION 
The aforementioned met hods may prove unsatisfactory in cases where 
any unsaturation or labile function groups present elsewhere in the 
molecule need to be preserved, as the conditions employed may fail to 
meet such requirements . For instance, cleavage using bromine in 
methanol, may competitively brominate a double bond or acid hydrolysis 
may isomerise a double bond . Oxidative condi t .ions mild enough to fulfil 
the above requirements are necessary in obtaining the enediones, which 
can be converted to the 1,4-diones by chemical means other than 
catalytic hydrogenation, the latter method being non-selective . Such 
reagents are required for the preparation of 1,4-diketo intermediates 
suitable for the synthesis of prostaglandins and other type of compounds 
such as cis-jasmone which contain other unsaturated groups. 
In connection with our work on prostaglandin synthesis, we 
attempted the oxidation of a furan alcohol (12, R = 2'-ethyl-S'-
methoxypheny l) using modified Collins' reagent8 to obtain the 
corresponding furan aldehyde (13, R = 2 '-ethyl-S'-methoxyphenyl) . 
However, we observed that, under these conditions, besides the required 
oxidation of the alcohol function, the furan rlng was also cleaved. 
This suggested us a possible method for the synthesis of 1,4-diketones 
from 2,S-disubstituted furan derivatlves. 
With this purpose in mind, we oxidised several dlsubstituted 
furan derivatives using modified Collins' reagent and thereby optimised 
the conditions to obtaln the corresponding enediones. The latter were 
converted into 1,4-diones using sodium dithionlte12 in aqueous ethanol. 
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The general procedure for the oxidative cleavage of the furan 
derivatives ~nvolved the use of modif~ed Collins' reagent in the same 
proportions and conditions employed by R~~tcliffe and Rodehorst,8 except 
that the reaction mixture was slowly refluxed for 3 to 4 hrs s 
The following may be the probable mechanism for the above 
oxidat~on of the furan ring: Chromium trioxide may add to the furan 
ring by l,4-addition and the resulting adduct may decompose to give the 
cis-enedione o The latter may isomerise under the reaction conditions to 
the more stable trans-isomer. The cis-enedione is possibly less stable 
because of the sterlc as well as dipolar interactions (fig. 1 ). 
The posslble mechanism for the acid catalysed isomer~sation of the 
enediones
/j 
as shown in fig. 2 . Thus, the addition of proton to the carbonyl 
A 
followed by formation of a mesomeric allylic carbonium intermediate 
which is configurationally rather stable but can rotate. The latter 
on deprotonation could give the more stable trans-isomer (fig. 2). 
Reduction of the enediones (15) may go by the addition of electrons 
(20A and 20B) as well as added hydrogen atoms (catalyt~c) (20C) , because 
of the properties of carbonyl function Q This only happens with double 
bonds attached to the electron-sinks such as C = 0, and so isolated 
double bonds are unaffected (figs 3). 
2,5-Dlmethylfuran{14a) was oxidatively cleaved by the general 
procedure to give a colourless crystalline compound (lSa) in 42% 
yield, m.p . 780 • The infra-red absorptions at 1660, 1640 and 1000 cm- l 
innujolmull indicated the presence of cr,S-unsaturated ketone and trans 
geometry of the double bond ~ The presence of the latter was further 
clarified by recording the infra-red spectrum in chloroform solution 
which showed a strong band at 980 cm- l The ultra-violet absorption 
at 229 nm (~ 14,680) suggested the conjugated enone chromophore. These 
data were in excellent agreement with that reported in 1~terature6 for 
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trans-3-hexene-2,5-dione. The nmr signals at 8 2~38 and 6.38 as 
singlets suggested the presence of acetyl and symmetrical olefinic 
protons respectively. The identity of the compound was further 
established by an independent synthesis following the procedure of 
Armstrong and Robinson9 using acetonylacetone and selenious acid. 
Configuration of the enediones 
In 1934, Armstrong and Robinson reported the synthesis of 
3-hexene-2,5-dione and assigned the trans-configuration on the basis 
that the compound was yellow, taking the analogy of cis- and trans-l,2 
dibenzoylethylenes of which the cis-isomer was colourless and trans-
was yellow . Levisalles 6 obtained cis- and trans-isomers from 2,5-
dimethoxy-2,5-dimethyldihydrofuran under different experimental 
condtions and reported the ultraviolet and infra-red spectral data for 
cis- and trans-isomers . Thus, cis-3-hexene-2,5-dione was found to absorb 
at 223 nm and 282 nm (s 6,600 and 175) whereas the trans-isomer absorbed 
at 228 nm and 324 nm (s 14,600 and 70). The infra-red spectrum of the 
cis-isomer exhibited a characteristic absorption at 689 cm-l whereas the 
-1 
trans-isomer at 982 cm 
Later, Hirsch and szur7 proposed, in addition to the aforementioned 
spectral criteria, the reaction of hydrazine hydrate with cis-enediones 
under non-acidic conditions as a useful method for the stereochemical 
assignments ~ However, this method is not beyond ambiguity as the 
trans-enediones were also found to react with hydrazine hydrate to a 
small extent. They also attempted to use the coupling constant of the 
olefin protons for this purpose. In the case of 3-hexene-2,5-dione, 
however, for the reasons of symmetry, they could not use this method. 
At this stage we thought a more rigorous proof of stereochemical 
relationsh1p in the symmetrical compounds in wh1ch the olefinic protons 
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are magnetically equivalent would be desirable to place it on a firm 
basis. Some progress is reported herein towards this goal . We* 
thought of applying other methods of spectroscopy to the above 3-hexane-
2,S-dione, which are given below in the decreasing order of merit 
(i) We determined the spin-spin coupling constants between the 
equivalent pair of hydrogen atoms from the resonance spectra resulting 
d f 13 , , from the 1% natural abun ance 0 C nucle1 by uS1ng a concentrated 
deuterated chloroform solution. with the assumption 0AA = 0, the 
value obtained was + 16.5 ± 0.1 Hz. This proved beyond doubt that 
trans geometry prevailed. (ii) We also determined 0H in more dilute 
deuterated chloroform solution. The value obtained, 0 6.79 is in close 
agreement with that reportedlO for diethyl fumarate (0 6.83) compared 
to diethyl maleate (0 6.28). This evidence also favoured trans geometry c 
(iii) The 13C chemical shift of the ethylene carbon was - 11.3 ppm (with 
13 
respect to C6H6 = 0 scale). h ' 1 ' " 1 h 13 T 1S va ue 1S Slm1 ar to t e C 
chemical shiftll of the ethylene carbon in diethyl fumarate thus 
indicating the presence of a trans configuration . 
The furan ester (14b) similarly on oxidative cleavage, afforded 
the enedione (lSb) in 73.5% yield. The olefinic coupling constant, 
16 Hz, observed in the nmr spectrum and the absorption at 980 cm- 1 
in the infra-red spectrum established the trans- geometry of the product . 
Similarly, the furan ester (14c) was converted to the correspond1ng 
enedione (lSc) in 77% yield and the latter was characterised as trans-
isomer. 
The above enediones (lSb) and (lSc) were reduc ed with sodium 
d ' h ' , 12 , hI ' h d ' d 1t lon1te 1n aqueous et ano to glve t e correspon 1ng saturate 
l,4-diones (16b) and (16c). The ultraviolet spectra of these 1.4- diones 
* This work was carried out in collaboration with 
Dr . R . Bramely. 
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were in accordance with that reported in literature for the corresponding 
1,4-dione acids . 13 These 1,4-diones may be utllised as intermediates 
in the synthesis of our prostaglandin scheme (Chapter II, Bart 3.) 
The furfurylidene derivative (l7a) under similar condltions did no t 
cleave but was recovered unchangede 
As an example of synthetic utility of the aforementi oned oxidative 
cleavage, we have carried out a simple synthesis of cis-jasmone and 
dihydrojasmone as descrlbed in Part 2 . 
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Part 2 SYNTHESIS OF cis-JASMONE AND DIHYDROJASMONE 
The flowers of Jasminum officinale L. and Jasminum grandiflorum L . 
, . 1 . 14 , Yleld about 0.3% of essentla oll. Jasmone was flrst dlscovered by 
Hess~5 as a ketonic constltuent with an empirlcal formula CIOH160, to 
the extent of 3% in this oil. Slnce then cis-jasmone has been reported 
. h ' 1 f b ' 16 . 16 b 17 d In t e Ol s 0 ltter orange, peppermlnt, ergamot an tea 
leaves. 18 Interestingly enough, in at least one instance dihydrojasmone 
and cis-jasmone were found togetherQ17 
15 Hesse's report was shelved for decades. The structure (21) was 
assigned to ]asmone lndependently and almost simultaneously by Treff 
and werner19 and by Ruzicka and Pfeifer,20 mainly on the basis of the 
structures of oxidation and hydrogenation products. Dihydrojasmone (22) 
d ' d d ' h ' " f h ' 21 d ha been syntheslse urlng t e lnvestlgatlon 0 pyret rlns an was 
shown to be identical with that obtained from natural jasmone. The 
1 ' ' d h ' 22 conc USlve proof of the structure was obtalne by synt eSlS. 
cis-Jasmone has a most desirable odour for perfumery and 
flavouring purposes, whereas trans-jasmone is less floral and some 
what fatty. However dihydrojasmone (22) shares the odour of jasmone. 
Synthetic jasmone and dihydrojasmone have been found to be 
considerably cheaper than that from the natural source Q There has been 
much activlty during the last ten years in the synthesis of the jasmone 
. , , 23 d . 23,24 group, especlally dlhydro]asmone an ~-]asmone. 
The more successful approaches have involved cyclisation of an 
appropriately substituted 1,4-diketones to the cis-jasmone and 
dihydrojasmone e There are several ingenious new methods 25 - 28 for the 
construction of 1,4-diketones. One of the best routes is that of Blichi 
d ·· 29 d ' d 30 f h ' ' h ' an Wuest . A lsa vantage 0 t lS route lS t e somewhat vlgorous 
acidic condltions employed for opening the furan ring (27) whlch can 
90 
bring about isomerisation of a double bond; the p r esence of even small 
proportions of impur~ties having an effect on olfac tory properties . 
We have already discussed, in Part 1, an efficient and mild 
method of converting the 2,5-disubstituted furans to the enediones 
using modified Collins ,8 reagent. Reduction of the enediones could 
be accomplished employing sodium dithionite12 to obtain the 1,4-diketones . 
The 2,5-alkyl furans (23) and (27) were prepared according to the 
d f ·· h' d ' o 29 db ' 1 31 . 1 proce ure 0 Buc ~ an Wuest an Crom le et ~e , respect~ve y as 
shown in scheme 1 and 2 . The modified Collins' reagent8 converted 
(23) and (27) to the enones (24) and (28) in about 73% yield . The 
trans stereochemistry of the conjugated double bond was established 
from the infra-red absorption at 985 em- l Ultraviolet spectra data 
also supported a trans assignment as the absorption values were in 
close agreement with similar compounds having the same chromophore e6 , 7 
The structures of the enediones as(24) and (28) were established from 
the nmr spectrum and elemental analysis e 
The enediones (24) and (28) thus obtai ned, on reduction with 
sodium dithionite12 afforded 1,4-diketones (25) and (29) in about 59% 
overall yield from the disubstituted furans, ( 23) and (27). The spectral 
data of the compound (29) clearly showed that only the conjugated double 
bond was reduced while the other was untouched as was expe cted on 
mechanistic grounds e The identity of these 1,4-diones (25) and (29) 
were established by comparison of the spectral data with that reported 
, l ' 23,31 ~n the ~terature . 
The base- catalysed cyclisation31 of 1,4-diketones (25 ) and (29 ) 
followed by chromatography of the resulting products gave dihydrojasmone 
(22) and cis- jas mone (21) in 80 . 5 and 78 . 5% yields respectively. The 
structures were confirmed by comparison of thei r infra-red and nmr 
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data and melting point of their derivatives with that reported in 
. 23,29,31 f ". . l~terature. In the case 0 ~-Jasmone ~t was also compared w~th 
an authentic sample.* (fig. 4) • 
* 
The author is thankful to the International 
flavors and fragrances, Unim Beach N .J~ U.S ~ A . 
for a gift of cis-jasmone for comparison 
purpose . 
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Part - 3 EXPERIMENTAL 
GENERAL DETAILS ARE GIVEN IN CHAPTER II EXPERIMENTAL. 
General Procedure for the Oxidative Cleavage 
To a stirred solution of chromium trioxide (6 mmole) and 
pyridine (12 mmole) in dry methylene chloride8 (15 ml) was added the 
furan derivative (1 mmol) in one lot. The solution was heated under 
reflux for 3-4 hr. The methylene chloride solution was then decanted 
and evaporated under reduced pressure and the residue extracted with 
ether to leave an insoluble chromium complex . The extract was washed 
with 5% aq. sodium hydroxide, 5% aq. hydrochlori c acid, water, and 
brine and dried (MgS04). Removal of the solvent furnished the 
enedione . 
Diacetylethylene (15a): By the above general procedure 2,5-dimethylfuran 
0 90 (14a) ,(0.6 g) gave enedione (15a) ,(0.25 g) m.p . 78 (lit. 77-78), v 
max 
-1 (nujol) 1660, 1640 and 1000 em ; v 
max 
-1 (CHCl 3) 1670, 1615 and 980 em : 
\ 229 nm (s 14,680») 8:2.38 (s, 6H, 2 CO-CH 3), 6.38 (s, 2H, -CH=CH-); max - - -
mle 112 (parent ion), 97, 69, 43. Bis-2,4-dinitrophenylhydrazone, m.p. 
289-2910 (lit. 9 291-292 0 ). The authentic diacetylethylene was prepared 
following the procedure of Robinson and Armstrong. 9 Thus, acetony-
lacetone (16a) (15.0 g) on dehydrogenation with selenious ~id (9.0 g) 
gave the enedione (15a) (3 g) separated by steam distillation. 
J 
Crystallisation from light petroleum afforded colourless needles (2.7 g), 
m.p. 77-780 and the spectral data were identical with those of the 
enedione (15a) obtained from the furan derivative (14a). Mixture 
melting point was undepressed. 
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Nmr data: (i) Spin-spin coupling constant between equivalent pair of 
hydrogen atoms determined from 13c satellites spectra was 16 . 5±0 ~ 1 Hz. 
(ii) In more dilute deuterochloroform solution 0 C was 6.79. CH= H 
- -
(iii) 13c chemical shift of ethylene carbons on 13C6H6=0 scale was 
-11.3 ppm. 
Methyl 4,7-diketo-trans-5-ene-7-(m-ethoxyphenyl) heptanoate (15b) 
The furan derivative (14b) required for the preparation of the 
title compound was synthesised from the furfurylid~ne derivative (17a) 
(obtained in 90% yield following the procedure of Robinson and Martin32 ) 
by acid cleavage 33 (55% yield) followed by esterification of the 
resulting mixture of diketo acid (18a) and the furan acid (19a) (4:1 
ratio). In the last step, esterification with 5% methanolic sulphuric 
acid converted both of the acids (18a) and (19a) into the furan ester 
o -1 (14b) , m.p. 36-37 ,v 1730, 1600, 1580, 1545 and 780 cm ; A 289 
max .max 
nm ( £ 18, 000); 0: 1 . 4 ( t, J 7, 3 H, -CH 2 -CH 3)' 2 . 68 ( t, J 7, 2 H), 3 • 01 
(t, J 7, 2H), 3.68 (s, 3H, -COOCH 3), 4.04 (q, J 7, 2H, -CH 2-CH 3), 6 . 06 
(d, J 3 . 5, 1H, furan S-H), 6.48 (d, J 3.5, 1H, furan S-H) , 6 . 65-7.26 
(m, 4H, ArH); mle 274 (parent ion). 
The furan derivative (14b) (0.27 g) thus obtained was oxidised by 
the general procedure and the crude product obtained was chromatographed 
on silica gel . Elution with ether gave the pure methyl 4,7-diketo-
trars-5-ene-7-(m-ethoxyphenyl) heptanoate (15b) (0 . 21 g 73.5%) as an oil, 
-1 
v 1730, 1700(sh), 1660, and 980 cm A 227 nm (s 17,980); 8: 1 . 42 
max max 
(t, J 7, 3H, -CH 2-CH 3), 2.68 (t, J 6, 2H, -CH2-), 3.02 (t, J 6, 2H, 
-CH 2-), 3 . 68 (s, 3H, -COOCH 3), 4.08 (q, J 7, 2H, -CH 2-CH 3) , 7.08 (d, J 
16, 1H, -CH=CH-), 7.10-7.60 (m, 4H, ArH) , 7 . 72 (d, J 16, 1H, -CH=CH-); 
mle 290 (parent ion), 259, 175, 149, 147, 115 . (Found: M,290.1152. 
C16H1805 requires: 290.1154). 
,. 
94 
The bis-2,4-dinitrophenylhydrazone (crystallised from pyridine) 
m.p. 209-2110 ; V (nujol) 1730 (ester CO) 
max 
(Found: C, 51.9; H, 4.3; 
N,17.2. C28H26011N8 requires: C, 51.7; H, 4.0; N, 17 .2%). 
Methyl 4,7-diketo-7-(m-ethoxyphenyl) heptanoate (16b) 
Sodium dithionite12 (0.5 g) was added to a boiling solution of 
the enedione (15b) (0.15 g) in 50% aq. ethanol (10 m1) and the mixture 
refluxed for 3 hr. Ethanol was removed under suction and the residue 
was extracted with ether. The ether extract was worked-up in the usual 
way to yield the above diketo ester (16b) (0.12 g 79.5%) as an oil, 
-1 13 
v 1730, 1715, and 1680 cm ; A 250 nm (s 8p20) (lit. 249 nm, 
max max 
s 8
1
350);8:1.38 (t, J 6.5, 3H, -CH2 -CH3), 2 . 49 (t, J 6, 2H, CH 2), 2.74 
(t, J 6.5, 4H, C~2)' 3.14 (t, J 6, 2H, -CH 2-), 3.58 (s, 3H, -COOCH 3), 
4.00 (q, J 6.5, 2H, CH 2-CH 3), 6.90-7.55 (m, 4H, ArH) 
1302. C16H2005 requires: 292e13ll). 
(Found: M, 292. 
Ethyl 4,7-diketo-trans-5-ene-7-(2'-ethyl-5' - methoxyphenyl) heptanoate (15c) 
The furan ester (14c) required for the preparation of enedione 
(15c) was obtained as a by-product in the synthesis of ethyl-3-(2' -
ethyl-5'-methoxyphenyl)cyclopenta-2-ene-2-acetate (see Chapter 2). 
Oxidative cleavage of the furan ester (14c) (0.64 g) was carried 
out by the general procedure to obtain the ethyl 4,7-diketo-trans-5-
ene-7-(2'-ethyl-5'-methoxyphenyl)heptanoate (15c) as an oil (0.52 g 
-1 77%), v 1730, 1700(sh), 1680 and 985 cm ; A 230 nm; (s 19,900); 
max max 
8: 1.19 (t, J 7, 3H, -CH 2-CH 3), 1.27 (t, J 7, 3H, -0-CH2-CH 3), 2.63 (t, 
J 6, 2 H, - C!:! 2 -), 2. 67 ( q . J 7, 2!I, CH2 -CH 3)' 3.00 (t, J 6, 2H); 3.82 
(s, 3H, OCH 3) , 4 . 14 (q, J 7, 2H, O-CH 2-CH3), 6.84 (d, J 17, lH, -CH=CH), 
7.08 (d, J 17, lH, CH=CH-), 6.90-7.50 (m, 3H, ArH); mle 318 (parent 
ion), 273, 189, 174, 161, 129. (Found: M, 318.1467. C18H2205 requires: 
318.1467). 
I.' 
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The enedione (lSc) on treatment with 2,4-dinitrophenylhydrazine 
in methanolic sulphuric acid afforded the mono 2,4-dinitrophenyl-
o -1 hydrazone, m.p. 140-142 , V (nujol) 1725 and 1660 cm ; 8:1 . 20 (t, J 
max 
7, 3H, -CH2-CH3), 1.26 (t, J 7, 3H, -OCH2CH 3), 1.55-1.70 (m, 4H), 2 . 96 
(t, J 6, 2H, -CH2-), 3.84 (s, 3H, OCH 3 ) , 4.14 (q, J 7, 2H, OCH -CH ), - - -2 3 
6.89 (d, J 17, IH, CH=CH-), 7.21 (d, J 17, IH, -CH=CH-), 6.90-7.30 
(m, 3H, ArH) , 8.03 (d, J 10, IH, ArH) , 8.36 (dd, J 10, 3, IH, ArH) , 
9.14 (d, J 3, IH, ArH); mle 498 (parent ion) (Found: C, 57 . 7; H, 
5.5; N, 11.25. C24H2608N4 requires: C, 57.8; H, 5.2; N, 11.25%). 
Ethyl 4,7-diketo-7-(2'-ethyl-5'-methoxyphenyl)heptanoate (16c) 
The enedione (15c) (0.15 g) was reduced following the procedure 
described earlier using sodium dithionite12 to yield the dione (16c) 
-1 (0.11 g 73%) as an oil, V 1730, 1715 and 1680 em ; A 247 nm 
max max 
( E: 5,0 20) ~ 8: 1 . 18 ( t, J 7, 3H, -CH 2 -CH 3); 1 . 27 ( t, J 7, OCH 2 -CH 3) , 
2.60-3~10 (m, 8H), 3.32 (t, J 6, 2H, -CH2-), 4 . 0 (s, 3H, OCH ), 4 e34 - -3 
(q, J 7, 2H, OCH -CH ), 7.20-7.65 (m, 3H, ArH) 
-2 3 
C18H2405 requires:M,320.1623). 
2-Methyl-5-hexylfuran (23) 
(Found: M, 320 . 1615 . 
Methylfuran (31.0 g) in tetrahydrofuran (50 ml) was added to a 
stirred solution of butyl lithium29 (100 ml, 22% in hexane) in tetrahy-
drofuran (100 ml) at _250 under nitrogen atmosphere. The mixture was 
stirred for 4 hr. at _150 and then hexyl bromide (61.0 g) in tetrahydro-
furan (50 ml) was added at this temperature during 0.25 hr. Stirring 
was continued for further 1 hr. at the same temperature. The mixture 
was then left overnight at room temperature and was subsequently poured 
into ice-water and extracted with ether; the ether extract was washed 
with water and brine and dried (MgS04). After removal of the solvent, 
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the concentrate was distilled and the fraction boiling at 60-62 0 /2 mm 
was collected as 2-methyl-5-hexylfuran (52.0 g) (lit. 34 b.p. 96 0 /20 rom); 
-1 
V 1610 and 1565 cm ; 8tO.90 (t, J 6, 3H, -CH -CH ),1.30 (br s, 6H, 
max 2 -3 
-CH2 -), 1. 60 (m, 2H), 2. 20 (s, 3H, 'CH -), 2. 50 (t, J 7, 2H, -C=C-CH ), - ~ ~ 
5.68 (s, 2H, furan S-H). 
trans-Undec-3-ene-2,5-dione (24) 
By the general procedure, the furan (23) (8.3 g) was oxidised to 
yield the trans-undec-3-ene-2,5-dione (24) (6.7 g 74%) as a solid. 
Crystallisation from light petroleum afforded colourless needles, m.p. 
o 48-49 ; shown to be homogeneous by tIc (hexane ethyl acetate, 3:1); 
-1 
cm ; v
max 
V (nujol) 1700 (sh) , 1670(br) and 1000 
max 
(CHC1 3) 1680 (br) , 
-1 
985 em ; A 228 run (e: 11,200); 8:0.90 (t, J 7, 3H, -CH2CH 3), 1.30 (s, max -
6H), 1.66 (m, 2H, -CH Q-CH 3), 2.4 (s, 3H, -CH=CH-CO-CH3), 2.70 (t, J 7, 
2H, -CH 2-CO-CH=CH-), 6.96 (s, 2H, -CH=CH-); m/e 182 (parent ion), 139, 
124,112,97,69,55,43. (Found: C, 72.55; H, 10.0 .. CIIH1802 
requires: C, 72.5; H, 10.0%). 
The bis-2,4-dinitrophenylhydrazone separated as bright red 
crystals as soon as the enedione (24) was added to a solution of 2,4-
dinitrophenylhydrazine (in methanolic sulphuric acid) and was 
crystallised from pyridine, m.p. 216-217 0 (Found: C, 51.1; H, 4.7; 
N, 20.3. C23H2608N8 requires: C, 50.9; H, 4.8; N, 20.7%). 
Undecane-2,5-dione (25) 
Method A: The enedione (24) (0.65 g) in ethanol (20 ml) was hydrogenated 
over 10% palladium on charcoal (0.15 'g). Conventional work-up afforded 
d · ( 5) . . .. 1 1 0 ( . 34 30 ) the lketone 2 In quantltatlve Yle d, m.p. 3 -32 Ilt. m.p . 3 , 
-1 
V 1710 cm ; 8; 0.92 (t, J 6, 3H, -CH -CH 3), 1.1-1.6 (m, 8H), 2c16 (s, max 2 -
3H, -CO-CH 3), 2 .. 4 (t, J 7, 2H), 2.60 (s, 4H, COCH 2). 
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Method B: Reductlon of enedione (24 ) (0 06 g ) with sodium dithi onlte12 
(2.0 g) In boiling 50% aqueous ethanol (20 ml) afforded the diketone 
(25) (0.47 g). The lnfra-red spectrum was identical wlth that of the 
specimen obtained by Method A. 
3-Methyl-2-pentylcyclopent-2-ene-l-one (22) (dihydro]asmone ) 
A mixture of the dlketone (25) (0 065 g ) ,0 . 5N sodium hydroxide 
(6.5 ml) and ethanol (1 ~ 7 ml) was refluxed under nltrogen for 5 hr . The 
mixture was diluted with water and extracted with ether . The extract 
was washed with water and brlne and drled (MgS04 ) . Solvent removal 
followed by chromatography of the residue on alumina (neutral, grade II: 
6 g) using ether-light petroleum{l:l) as eluent afforded pure dlhydro-
jasmone (22) (0 . 49 g, 80. 5 %) i \) max -1 1690 and 1640 cm i 8: 0 . 88 (t, J 
5.5, 3H -CH -CH 3), 1 &30 (m, 8H ) , 2 -
2,4-dinitrophenylhydrazone, m. p. 
. 06 (s, 3H, 
10 . , 35 12 (ll.t ~ 
=C-CH
3
) , 2 . 0-2 . 6 (m, 4H) i 
o 
mep e 122 ). 
3-(5-Methyl-2-furyl) proElonaldehyde (26 ) 
The aldehyde (26) was prepared from methylfuran followl.ng the 
,36 , procedure of Yur ev et al e Thus, to a stlrred ml.xture of methylfuran 
(35 . 0 g), acroleln (18 Q7 g), water (31 . 5 ml ) and hydroquinone (O G2 g ) 
was added acetl.C acid (52 ml) and stirrlng continued for further 2 hr ~ 
The ether extract on usual work-up and dl.stillation afforded the pure 
aldehyde (26) o 36 0 (27.5 g), b . p . 76-78 / 6 mm ( llt~ bep. 56- 56 . 5 /3 mm) i 
-1 
v 2715, 1715, 1610 and 1555 em i 8: 2 . 22 (s, 3H, =C-CH 3 ) # 2 . 82 (m, max -
4H), 5 . 84 (s, 2H, furan S-H), 9 078 (t, J 2f 1H, -CHO) e 
Propytriphenylphosphonl.um broffil.de 
A mixture of triphenylphosphlne (200 g ) and ~-propyl bromide 
(100 g) in acetonitrl.le (900 ml) was refluxed on a steam bath for 
24 hr. The solvent was removed init i ally at atmospherlc pressure and 
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finally under reduced pressureo The resldual SOlld was dlssolved 
in hot ethanol, was preclpltated wlth ether and fll~ered to give the 
pure phosphonlum salt (270 g , 0 90%) ,m.p. 220 (decomp.) 
~-1-(5-Methyl-2-furyl)hex-3-ene (27) 
This olefin (27) was prepared accordlng to the procedure of 
31 Crombie et ale Thus, the phosphorane was prepared from 38.6 g (0.1 
--
mol) of propyltriphenylphosphonlum bromide (generated using2c6 g of 
sodium in ammonla), under nltrogen atmosphere and was dissolved in 
benzene after removal of the ammonia, and the benzene solut.ion was 
decanted . ThlS salt-free phosphorane inbenzenewas treated with the 
aldehyde (26) (12.0 g) Q The reactlon mixture was worked after 12 hr. 
and the product thus obtained on distillation afforded the olefin (27) 
(7.5 g), b~p. 66-67°/3 mm (lit~1 b,PQ 95-100/13 mm); v 1650,1615 
max 
-1 
and 1565 cm ; 6: 0~94 (t, J 7, 3H, -CH 2-CH 3), 2023 (5, 3H, =C-CH 3), 
1.9-2.7 (m, 6H), 5~35 (m, -CH=CH-)" 5 82 (s, 2H p furan-S-H) ~ 
Undeca-trans-3-cis-8-diene-2,5-dlone (28) 
Furan (27) (3.2 g) was oxidised by the general procedure to give 
the undeca-trans-3-cis-8-diene-2,5-dlone (28) (2~5 g, 70%) bop. 72-730 
0 . 06 mm; 'V
max 
-1 1670 and 985 cm ; ~ 
max 
2 30 nm ( s 13, 500); 6 ~ O. 9 6 ( t, J 7, 
3H, -CH2-CH 3), ~ 36 (5, 3H, =C-CO-CH 3) 1~90-2080 (m, 6H), 5.34 (m, 2H, 
-CH=CH-), 6.82 (s, 2H, -CH=CH-). m/e 180 (parent ion), 151, 137,110, 
- - - - jI 
98, 68, 54, 43. (Found: C, 72.7; H, 9~0; CIIH1602 requlres'.C, 73.05; 
H,8.95%). 
The bis-2,4-dinltrophenylhydrazone separated as red needles and 
was 1 
0 , 
crystallised from pyrldlne, m.p. 85-186 (Found: C, 51.1, H, 
4.4; N, 20.7. C23H2408N8 requires: C, 51.1, HI 4.6; N, 20.4%). 
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~-Undeca-8-ene-2,5-dlone (29 
The enedlone (28) (0.4 g) In 50% aqueous ethanol (20 ml) was 
reduced to give the dione (29) (0031 g) as an 011, by using sodium 
dithionite
12
; v 1710 cm-l. 8~ 0.96 (t, J 7, 3H, -CH
2
-CH
3
) I 2018 
max j -
(s, 3H, -CaCH 3), 109-2Q6 (m, 6H) f 2.68 (s, 4H, eaCH,), 5~32 (m, 2HJ 
-CH=CH-) • 
~-3-Methyl-2(Eent-2-enyl)cyc10Eent-2-ene-l-one (21) (cis-jasmone) 
h d ' ( b ,31, , T e lone 29) was ase-cyc11sed by heatlng under reflux wlth 
o a5 N sodium hydroxide (3 m1) and ethanol (1 wI) for 5 hre in nitrogen 
atmosphere a After usual work-up, the residue obtalned as reddlsh yellow 
oil (0.25 g) was chromatographed (neutral, grade IIi 4 g) and elution 
with ether-petro1eume (40-600 ) (1:1) gave 0.22 g (78z5%) of ci.s-
j asmone z The infra-red and nmr spectra were ldent.1ca1 wi th those of an 
authentic sample$* The 2 , 4-dlntrophenylhydrazone had m.p. 115-1170 
(lit. 31 118-1190 ). 
* Kindly provlded by International flavors and fragrances, 
Un.1on beach, N J , U,S~Ao 
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ERRATA 
For ... Kuzrok and Wieb ... read .•. Kurzrok and Lieb ... 
For ... Golblatt ... read ... Goldblatt ... 
For ... low acute toxicity ... read ... show low 
acute toxicity ... 
For ... Nef reaction to introduce .•. read 
•.. Nef reaction. They introduced .•• 
For ... formylised ... read ••. formolysed ... 
For .•. 11,15-ditetrahydroxypyranyl ... read 
... 11,15-bis-tetrahydropyranyl •.. 
For ... occuring ... read ... occurring ... 
For ... asymmetric ... read ... asymmetric centre ... 
For •.. equilibrim ... read ... equilibrium .. . 
For ... ethylene hydroxy protons. read ... hydroxy 
ethyl ether protons. 
For ... sodium hydroxide ... read •.. aqueous sodium 
hydroxide ... 
For ... po-tassium hydroxide. .. read ... aqueous 
potassium hydroxide .. . 
For Bromopentanyl ... read Bromopentyl .. . 
For ... homogenous ... read ... homogeneous .. . 
For ... 5-Tetrahydropyranyloxytriphenylphosphonium ... 
read ... 5-Tetrahydropyranyloxypentyltriphenyl-
phosphonium ... 
For ... thiourea ... read ... urea ... 
Page 62, line 14 For ... (0.90 mg ... read ... (0.09 g 
Page 84, line 24 For ... suggested -u s ... read ..• suggested to us .. . 
Page 87, footnote For ... Dr R. Bramely ... read ... Dr R. Bramley .. . 
Page 89, line 11 For ... Pfeifer ... read ... Pfeiffer ... 
